The application of pyrolytic methylation and esterification to the mass spectrometric sequencing of peptides by Schier, Gary Martin
University of Wollongong 
Research Online 
University of Wollongong Thesis Collection 
1954-2016 University of Wollongong Thesis Collections 
1975 
The application of pyrolytic methylation and esterification to the mass 
spectrometric sequencing of peptides 
Gary Martin Schier 
University of Wollongong 
Follow this and additional works at: https://ro.uow.edu.au/theses 
University of Wollongong 
Copyright Warning 
You may print or download ONE copy of this document for the purpose of your own research or study. The University 
does not authorise you to copy, communicate or otherwise make available electronically to any other person any 
copyright material contained on this site. 
You are reminded of the following: This work is copyright. Apart from any use permitted under the Copyright Act 
1968, no part of this work may be reproduced by any process, nor may any other exclusive right be exercised, 
without the permission of the author. Copyright owners are entitled to take legal action against persons who infringe 
their copyright. A reproduction of material that is protected by copyright may be a copyright infringement. A court 
may impose penalties and award damages in relation to offences and infringements relating to copyright material. 
Higher penalties may apply, and higher damages may be awarded, for offences and infringements involving the 
conversion of material into digital or electronic form. 
Unless otherwise indicated, the views expressed in this thesis are those of the author and do not necessarily 
represent the views of the University of Wollongong. 
Recommended Citation 
Schier, Gary Martin, The application of pyrolytic methylation and esterification to the mass spectrometric 
sequencing of peptides, thesis, , University of Wollongong, 1975. https://ro.uow.edu.au/theses/2998 
Research Online is the open access institutional repository for the University of Wollongong. For further information 
contact the UOW Library: research-pubs@uow.edu.au 
THE APPLICATION OF PYROLYTIC METHYLATION
/
AND ESTERIFICATION TO THE MASS SPECTROMETRIC 
SEQUENCING OF PEPTIDES
A THESIS
subm itted in  fu lf i l lm e n t  o f  the 
requirements fo r  admittance to  
the degree o f
DOCTOR OF PHILOSOPHY
o f  the









The University of Wollongong
NOVEMBER 1975
§ 0 5 * 1
This Thesis is dedicated to my wife
Dorothy
and to my chiIdren
David and Karen-Anne
SUMMARY
A requisite for successful biochemical applications of mass 
spectrometric sequencing of peptides is the development of a 
suitable micromethod for transforming the peptide into a volatile 
derivative. We have now developed a new mass spectrometrlc 
sequencing procedure which offers advantages in speed of analysis 
and convenience over previously described methods.
The new procedure depends upon the conversion of an N- 
protected peptide trimethyIphenylammoniurn salt into a volatile 
peptide methyl ester using the solid probe heater of a mass 
spectrometer as a reactor. Under these conditions the residues 
of Tyr, Asp and Glu are completely methylated in the side chain,
Trp and His are partially methylated whilst Gin and Asn peptides 
are stable under the derivatisation conditions. Apart from these 
desirable side reactions, the mass spectra of the volatile 
derivatives obtained by the new pyrolytic esterification procedure 
are essentially identical to those obtained by conventional methods.
A number of reagents were investigated as to their suitability
for N-protection of peptide trimethyIphenylammoniurn salts, and the
resultant condensates were examined by low resolution e.i. mass
spectrometry. AcetylacetonyI derivatives were found to be most
suitable for this purpose, as their e.i. mass spectra were
characterised by intense "amine” fragment ions, such as
+
CH3CO CH = C(CH3) - NH = CHR, which could be used to identify the
N-terminal amino acid residue. In addition, these ions w^re also 
useful as starting points in the search for the other sequence 
ions. Peptides containing between 2 to 7 amino acid residues could 
be sequenced by the new method, but attempts to sequence longer 
peptides were rarely completely successful.
To cope with the larger peptides, a combined enzymatic and 
mass spectrometric procedure was developed. The method makes 
use of the enzyme DipeptidyI aminopeptidase-I which is known to hydrolyse 
a polypeptide from the N-terminus to give a mixture of dipeptides.
Such a dipeptide mixture could be derivatised with trimethylphenylammonium 
hydroxide and acety{acetone, and following pyrolytic esterification 
within the mass spectrometer the component dipeptides could be 
identified without separation by c.i. (helium/H20) mass spectrometry.
To reduce the derivatisat ion time, ethylacetoacetate was used in 
place of acetyI acetone, while identification of the component 
dipeptides was aided by the use of dimethyItrideuteromethyI- 
phenylammoniurn hydroxide instead of trimethyIphenylammoniurn 
hydroxide, to produce artifical isotope clusters. With this 
reagent every methyl group that is transferred to the peptide has 
an isotope ratio of 2:1 at 3 amu apart, and the number of methyl 
groups acquired by the N-terminal amino acid residues and the 
molecular ions can be readily established. The N-terminal residues 
and the protonated molecular ions could be readily matched from 
their isotope ratios in a dipeptide mixture. However, the 
identification of a dipeptide mixture in itself Is not sufficient 
for the elucidation of the sequence of the original polypeptide.
In order to do this, it is necessary to apply the enzyme to another 
sample of the polypeptide from which the N-termlnal amino acid has 
been removed. From this hydrolysis a second set of dipeptides are 
formed which correspond to the odd cleavage points of the polypeptide. 
Following identification of the two mixtures as their 
ethoxycarbonyIpropenyI dîpeptide methyl ester derivatives by c.i. 
(helium/H^O) mass spectrometry the correct sequence of the 
polypeptide could be deduced. A selection of oligopeptides (4-8 
residues) were sequenced by this procedure. It is believed that . 
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INTRODUCTION
I. PROTEIN STRUCTURE
The nature and basic functions of living organisms depends 
on proteins. No known form of life exists which does not rely 
on proteins. The proteins are the first recognizable and 
distinctive expressions of genetic information.
The chemical nature and the structure of proteins enables 
them to act as: the regulators (hormones) of physiological 
relationships; the oxygen carries; the participators in muscle 
contraction; the antibodies concerned with immunological defence 
mechanisms; or the catalysts of the cell (enzymes) which control 
the rate of all biological reactions. Other proteins may act as 
structural extracellular elements, for example as hair, wool and 
the collagen of connective tissue.
Because of the many functions and processes in which 
proteins are involved, they constitute as much as three-quarters 
of the dry substance of animal tissue. A major objective of 
protein chemistry is to explain the physiological functions of 
these molecules in terms of their structure.
The proteins have molecular weights ranging from approximate! 
5,000 to many millions. Each is a macromolecule and the repeating 
units are amino acids, of which twenty are commonly found in 
proteins. The amino acids that have been isolated are «-amino 
acids, that is, the carboxyl and amino groups are attached to the 




NH - C - H 
* I 
R
where R-, called the amino acid side chain or residue represents 
a variety of structures. These side chains include, among others, 
both cationic and anionic groups, aromatic and aliphatic hydroxyls, 
amides, thiols, heterocycles, as well as strongly hydrophobic 
aliphatic and aromatic side chains. The usual classification of 
amino acids depends on the number of acidic and basic groups that 
are present. Thus, the neutral amino acids contain one amino group 
and one carboxyl group. The acidic and basic amino acids are 
characterised by an excess of either carboxyl groups or basic 
functions in their side chain.
The main mode of linkage between the amino acids in proteins 
is by a peptide bond (Diag.-I) which couples the «-carboxyl group 
of one amino acid residue to the «-arnino group of another residue 
with the (oss of one mole of water per residue.
' R R1
-| I-------- 1 | _
NH, - CH 4 C - NH | CH - COO-





If the resulting peptide Is made up of less than ten amino acids,
It Is called an oligopeptide. Peptides containing more than ten 
amino acid residues are known as polypeptides. Individual proteins 
may consist of one or more polypeptide chains, each chain containing 
from approximately twenty to several hundred amino acid residues.
The order in which the amino acids are joined by peptide bonds is 
termed the amino acid sequence or referred to as the primary 
structure.
The peptide bond has one hydrogen atom associated with it and 
being very weakly acidic, ionizes only under special conditions.
It does form hydrogen bonds readily (Diag.-2), a property which 
is one of the factors responsible for the three dimensional 
structure of proteins.
/  . \
R - C - H H-C —
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The hydrogen bonding between the hydrogen of the peptide amide 
and carbonyl groups within one polypeptide chain gives rise to 
folding or twisting of the primary structure, and this is called 
the secondary structure of a protein. The aggregation of individual 
structured units by hydrogen bonds, hydrophobic contacts, 
electrostatic interactions or covalent disulphide bonds has been 
called the tertiary structure. The general term "chain conformât ion"
has been used to combine the terms secondary and tertiary structure 
as the distinction between these two terms is not always clear. The 
quarternary structure describes the aggregation of several peptide 
chains to form a defined molecule.
II. PRIMARY STRUCTURE DETERMINATION 
_A. Genera I
As the quarternary structure, and the resultant biological 
function of proteins are products of the primary structure, the 
amino acid sequence determination becomes a prerequisite to the 
complete understanding of the molecules.
As a preliminary to determining the amino acid sequence of 
a protein, it is necessary to establish its amino acid composition. 
Various methods are available for the analysis of protein 
hydrolysates but the main quantitative method used involves ion­
exchange chromatography. For many proteins, the minimal molecular 
weight calculated from amino acid analyses is much smaller than the 
molecular weight obtained by physical methods. In these cases the 
proteins consist of a number of subunits which may or may not be 
identical. Thus, before attempting to determine the amino acid 
sequence of a protein, it is essential to determine the minimal 
physical unit, as well as the minimal chemical unit. If subunits 
do exist or are held together by non covalent forces, then they 
may be dissociated by treatment with reagents such as, urea or 
guanidine. In general, the smaller proteins of molecular weight
up to 30,000 are likely to consist of a single unit that cannot 
be dissociated, whereas many of the larger ones, for example, 
haemoglobin and glutamic acid dehydrogenase, consist of subunits 
which can be dissociated by such methods.
If protein chains are linked by disulphide bonds such as 
in the insulin molecule, these are usually cleaved to facilitate 
subsequent enzymic hydrolysis of the protein chain. This cleavage 
of disulphide bonds, resulting in conversion to free chains, can 
be accomplished by oxidation with performic acid1, or reduction 
followed by alkylation with iodoacetic acid, its amide2 or 
bromoethylamine3.
The usual approach to the sequencing of a single polypeptide 
chain, whose molecular weight and amino acid composition are known 
has been to:
1. partially hydrolyse the polypeptide,
2. isolate the resulting peptides,
3. determine the amino acid sequence of the peptides, 
and
4. deduce the complete primary structure from the sequence of 
peptides of overlapping structures.
Two general methods of partial hydrolysis of peptides and 
proteins are used:
a. partial acidic hydrolysis, and
b. hydrolysis catalysed by proteolytic enzymes.
A partial cleavage of a polypeptide or protein can be obtained
by limiting the time of acid hydrolysis, lowering the temperature 
or working with dilute acid. These procedures yield a mixture of 
free amino acids and a large variety of small peptides. The 
technique is useful with smaller peptides but is seldom employed 
with larger peptides or proteins, because the yield of peptides 
is low, hydrolysis is essentially random, and larger peptides 
are rarely obtained in significant yields.
Proteolytic enzymes in comparison catalyse only a limited 
cleavage, producing relatively large fragments in good yields. 
Each proteolytic enzyme will hydrolyse only certain types of 
peptide bonds. For example, (Diag.-3), trypsin catalyses the 
hydrolysis of -CONH- bonds in which the carboxyl group of lysine 
or arginine residues participate. Thus, from a knowledge of the 
lysine and arginine content of a given protein or polypeptide, 




Other proteinases, such as, chymotrypsin, pepsin and papain 
hydrolyse proteins or peptides at other specific loci in the 
peptide chain. For the complete sequence determination of a 
protein, at least two different forms of enzymatic hydrolysis 
must be used in order to deduce the structure by overlapping 
sequences.
A hypothetical case illustrating this approach is as follows.
If a peptide obtained from a tryptic digest with the sequence 
Val-Leu-Trp-AIa-Met-Arg is treated with chymotrypsin the specificity 
of chymotrypsin is such that hydrolysis will occur at the Trp 
residue, liberating the peptides Val-Leu~Trp. and AIa-Met-Arg. The 
positioning of these two peptides relative to each other is already 
established by the enzyme specificities of trypsin and chymotrypsin, 
the peptide containing Trp being amino-terminal and the one 
containing Arg being carboxy-terminaI. Further sequence work on 
these peptides can now be carried out, following separation and 
purification of the peptides by standard electrophoretic and 
chromatographic techniques. Early sequencing techniques were 
based on the use of specific reagents to label N-terminal or 
C-terminal residues.
Numerous reagents have been used for this end group determination, 
which still plays an important role in the elucidation of the primary 
structure, particularly for the estimation of the number of chains 
present in a protein.
B_. N-Terminal Methods
Although a number of reagents have been used to form 
derivatives with the alpha-amino end of peptides, the reagent 
|-fluoro-2, 4-dinitrobenzene first introduced by Sanger1* has been 
one of the most widely used. This reagent readily reacts in mildly 
alkaline solution, and following the removal of the excess reagent 
the peptide is subject to acid hydrolysis. The resulting DinitrophenyI
Q
(Dnp) amino acids are then identified by paper chromatography5, 
thin iayer chromatography5, on polyamide thin layer sheets^, or 
mass spectrometry8.
An improvement on Sanger's procedure, using 2-chloro-3, 
5-dinitropyridlne8 instead of fiuorodinitrobenzene can improve 
the yields of N-terminal amino acid following acid hydrolysis of 
the N-protected peptide. The pyridine nitrogen facilitates 
cleavage of the first peptide bond and shorter hydrolysis times 
can be employed, thereby reducing one of the principle causes 
of poor end group recovery in the earlier method.
A more sensitive modification of the above is the use of 
l-dimethyI ami nonaphtha Iene-5-suI phony I chloride (dansyl chloride)10. 
When this is coupled with the alpha-amino group of a protein or 
peptide a dansyl (Dns) derivative is formed which on acid hydrolysis 
yields a fluorescent Dns-amino acid. These derivatives are commonly 
used for sequencing experiments and are usually detected after 
chromatography11, on polyamide sheets12, although mass spectrometry13 
has also been used for identification.
As these methods result in destruction of all the peptide bonds 
and loss of sequence information, other procedures are desirable 
which are not subject to this limitation.
The Edrnan method111,15 caters for this need, and can be used 
for the N-terminal analysis of peptides by conversion of the N-terminal 
amino acid to a phenyIthiohydantoin derivative (Pth) whilst leaving 
the remainder of the peptide intact.
FIGURE I .  EOMAN REACTION FOR STEPWISE DEGRADATION OF
PROTEIN or PEPTIDE CHAIN from the N-TERMINUS
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The first reaction (A) in the Edman procedure (FIg. — I) is 
based on coupling the free alpha-amino group with phenyI isothiocyanate 
to form the phenyIthiocarbamyI (PTC) derivative of the peptide (I). 
This reaction is referred to as the coupling reaction.
The next step (B) involves the cleavage of the PTC-peptide at 
the peptide bond nearest to the PTC substituent. This requires a 
strongly acid medium and result.s In the formation of a 2-anilino- 
5-thiazolinone derivative (II) and a peptide with one less amino 
acid than the original. This is referred to as the cleavage 
reaction. The shortened peptide has a free alpha-amino group, and 
may therefore be subjected to a new cycle of the degradation.
The thiazolinone cleaved otf is a derivative of the N-terminal 
amino acid, but because of instability of these derivatives, they 
are not identified, but are converted to the isomeric and stable 
Pth derivative namely the 3-phenyl-2-thiohydantoin (III). This 
conversion reaction (C) takes place in an aqueous acid medium 
and consists of two reactions, i.e. the hydrolysis of the 
thiazolinone to the PTC-ami no acid (C^ and cyclization of the 
latter to the correspond!ng Pth amino acid (C2).
The N-terminal amino acid can now be identified as its Pth 
derivative. The Pth amino acids are with few exceptions, Ser,
Thr and Cys~Cys, chemically stable. The hydroxy and mercapto 
compounds show, to a varying degree, a tendency for beta-elimination. 
This tendency is stronger in Pth-Ser than Pth-Thr and the formation 
of a highly reactive methylene group at C-5 of the thlohydantoln
ring leads to further reactions, e.g. polymerisation. These side
reactions hamper identification of these derivatives, while in 
r*-- 1
Pth-Cys Cys and Pth-Cys this tendency for beta-elimination is so 
strong that the derivatives are not useful for identification 
purposes. However, the S-alkylated Pth derivatives of Cys are 
more stable, as Is also Pth-cysteic acid.
The Pth derivatives of Asn and Gin are unstable to the extent 
that the amide group is readily hydrolysed by the acidic conditions 
leading to their formation. In sequencing, these Pth-amino acids 
are found to be contaminated by the corresponding acids. Pth-Trp 
Is also susceptible to the action of strong acids, presumably due 
to decomposition of the indole nucleus, but identification can still 
be made.
The Pth-amino acids may be identified by chromatography, and 
for this purpose paper chromatography11*, thin layer chromatography16 
and gas liquid chromatography17, systems have been proposed. Mass 
spectrometry either by electron impact18'19 or chemical ionisation20 
has also been used for this purpose, and can be done without isolation 
of the Pth-amino acid21.
An alternative approach to the sequence analysis of peptides 
from the amino terminal end, involves the use of the enzyme leucine 
ami nopeptidase. This enzyme only acts on a free terminal «-amino 
group. The aminopeptidase acts most rapidly on a terminal leucine 
residue but it also liberates the other N-termlnal amino acids 
commonly found in proteins except if a Pro residue is the penultimate
amino acid in the sequence. Leucine aminopeptidase acts in a 
sequential manner, and at any given time the concentration of 
the first N-terminal amino acid liberated will be greater than 
the concentration of the second amino acid liberated etc. By 
examining the relative rates of release of amino acid during 
the enzyme hydrolysis, the N-terminal amino acid can be 
identified. However, this method cannot be used to identify 
more than several amino acid residues at the ami no-terminaI 
end of a peptide.
C. C-Term i naI Methods
The carboxyI-terminaI amino acid identification can provide 
useful information for the primary structure determfnation of 
proteins and peptides. Several methods are available for the 
identificat ion of the C-term i naI residue, however, each method 
is subject to certain limitations.
The hydrazinolysis22, of peptides containing a free alpha- 
carboxyl group can be used for the identification of the C-terminaI 
amino acid. The method involves treatment of the protein or 
peptide with hydrazine under anhydrous conditions, which converts 
all amino acid residues to amino acid hydrazides with exception 
of the carboxyl terminal residue which remains as fhe free amino 
acid. The hydrazides are precipitated as Schiff bases by the 
reaction with benzaIdehyde, while the C-termina! amino acid, 
which remains in solution, can be separated and identified by 
chromatography. However, the loss of the C-terminaI Asn or Gin 
as y-hydrazides has been reported23f2t* and this imposes a severe
limitation to the usefulness of the procedure.
The C-terminal residue în polypeptides can also be identified 
by a cyclisation to the corresponding oxazalone with acetic anhydride 
(Scheme-I).
0ti
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The hydrogen on the «-carbon atom in the oxazalone can be replaced 
with tritium by treatment with 3H20 and pyridine. Hydrolysis 
produces a mixture of amino acids which can be separated by paper 
chromatography and the labelled C-terminal amino acid can be 
identified25/ The method can be used for the identification of 
all C-terminal amino acids present in proteins, with the exception 
of Pro which does not react under these conditions.
Another chemical approach to the C-terminal analysis of 
peptides, which does not result in the complete destruction of 
all the peptide bonds is based on the reaction of peptides with 
ammonium thiocyanate and acetic anhydride which forms the 
phenylthiohydantoins at the C-terminus. The thiohydantoin is 
cleaved from the peptide by treatment with acetohydroxamate, and 
a new C-terminal residue is exposed. The possibility of extending 
this procedure to the sequential degradation of peptides from the 
C-terminus has been re-investigated26. A number of peptides have 
been degraded, and up to six residues have been Identified. The 
method is limited in that carboxyl-terminaI Asp and Pro are not
removed. Unfortunately, "the step wise degradation becomes increasingly 
difficult to interpret because the terminal residue is not removed 
completely during each cycle.
An enzymatic method based on the use of carboxypeptidase has 
also found application for the C-terminal analysis of peptides. 
Carboxypeptidase-A liberates only those residues that contain a 
free «-carboxyl group, with the exception of Lys, Arg or Pro 
residues, which may be incompletely hydrolysed or not liberated 
at all, although another enzyme carboxypeptidase-B can be used 
for C-terminal Arg or Lys peptides. The carboxyl terminal amino 
acid can be identified by examining the rate of liberation of 
successive residues. This procedure has been used successfully 
to determine part of the amino acid sequence, but is also limited 
to the determination of only a few C-terminal a . i no acid residues.
D. Sequential Degradation
The N-terminal step wise degradation first employed by Edman11* 
(Fig.-I) has been the most successful approach to peptide and protein 
sequencing. Because the peptide is sequentially degraded, one amino 
acid residue at a time, great control can be exercised over this 
sequencing procedure, and sample sizes in the range of 0.I - 0.5 
mi cromoIes a re common Iy used.
The Pth derivatives of the Edman degradation, are readily 
identified, but other approaches aimed at increased sensitivity 
have been used for the identification of the newly exposed N-terminal 
amino acid, resulting from this procedure.
For example, the Dns-Edman technique27 has been widely used 
for determination of the amino acid sequence of peptides and 
proteins with high sensitivity. In this procedure a Dns estimation 
of the N-terminal amino acid residue is carried out after each 
successive stage of the Edman degradation. The Dns-amino acids 
can then be identified in the picomole range by thin layer 
chromatography on polyamide layer sheets28.
The most outstanding achievement in protein sequencing was the 
development of an automated method, introduced by Edman and Begg29 
known as the protein sequenator. In this instrument the reaction 
vessel is a spinning glass cup housed in a bell-jar. Reagents and 
solvents are supplied to the spinning cup and are spread by 
centifugal force into a thin film on the inner surface of the cup 
where protein or peptide had previously been deposited. Solvents 
are added in excess and rise over the protein film, reach an annular 
groove and are removed through a Teflon tube.
The protein sequenator has overcome many problems associated 
with the Edman procedure, resulting in average conversions of 
approximately 92-94? at each step of the degradation. The high 
efficiency of this procedure has allowed for the determination of 
up to sixty successive residues of a protein.
The major application of the sequenator has been in fhe analysis 
of whole proteins or large polypeptide fragments, the study of 
subunit structure30, the determination of purity or heterogeneity 
and to study the sequence of proteins in mixtures31.
However, when the Edman degradation is applied to short chain 
peptides, up to 30 residues, the extractive losses become a major 
problem and the yield no longer approaches 92-94$ at each stage 
of the degradation. Because of these problems, which are associated 
with the loss of material from the cup during solvent extractions, 
the amount of polypeptide required often increases in inverse 
proportion to chain length. Thus, sequencing can be done with 
as little as 25 nanomole of protein32, whereas 3.6 micromole is 
required33 for the sequencing of a hexapeptide from collagen.
The problem of the Edman procedure associated with short chain 
peptides has focussed attention on alternative approaches.
The ’Solid-Phase Edman Degradation’3i*'35 has been applied 
specifically for the sequence determination of small peptides up 
to thirty residues. By this method peptides are chemically bonded 
to a solid support and are then degraded sequentially in the 
solid-phase sequencer.
For example, the N-terminaI residue of the peptide is protected 
by reaction with t-butyloxycarbonyI azide to form the t-butyloxycarbonyI 
(t-Boc) peptide. This N-protected peptide is treated with 
carbonyldi imidazole under stringent anhydrous conditions, and is 
then attached to an amino polystyrene resin. The excess resin amino 
groups are blocked with methyI isothiocyanate and the t-Boc protecting 
group is removed with trifIuoroacetic acid, after which the normal 
Edman degradation scheme is followed.
The procedure has several disadvantages. The most serious problem
is that the 3 and y carboxyl groups of Asp and Glu have to be
selectively blocked to prevent their becoming attached to the
resin along with the C-termlnal carboxyl. In the case of Asp,
the degradation fails to proceed past this residue. It has
been suggested that the 3-carboxyl group, after activation by
carbodiimidazole, reacts with neighbouring amide nitrogen to
form an imide, thus blocking further degradation36. If a
peptide contains Glu, this remains attached to the resin, and
no derivative can be identified, thus creating a gap in the
peptide sequence. Peptides with a Lys e-amino group, such as
many tryptic peptides, can be cross linked to ami nopolystyrene
or aminopropyl-glass by p-phenyIdiisothiocyanate. Arg containing
peptides can be converted by hydraz i no Iys i s into peptides which
can then be attached like Lys by p-phenyIdiisothiocyanate. However,
this procedure can lead to rupture of the peptide bonds. The
Asp and Glu problem originally encountered in the TSo Iid-Phasef
sequencing method has been largely overcome by the use of a
water soluble carbodi imide. The rationale of this procedure
is that the t-Boc peptide is treated with N-ethyl, N1-(3-dimethyI aminopropyI)
-carbodiimide to specifically activate the «-terminal carboxyl group
by conversion to an oxazolinone37. Under these conditions side
chain carboxyl groups from Asp or Glu initially form the O-acyl urea
derivative at the side chain carboxyl group. This N-protected
peptide can now be coupled to the amino-polystyrene resin, and the
usual reaction scheme can be followed.
£• Mass Spectrometric Methods
Because of problems associated with the sequencing of small 
peptides, mass spectrometric methods were developed to cater for 
this special need.
The rationale that has been used can best be illustrated in 
the following scheme.
When a peptide is exposed to Electron Ionization (e.i.) the 
ionized peptide undergoes a process of fragmentation, and if 
sufficient energy is supplied cleavage occurs preferentiaIly but 
not exclusively at the peptide bonds. Fragmentation occurs on 
both sides of the carbonyl function (Diag.-4) resulting in two 
types of ions, amine fragments (Â )"*" and amino acyl fragments (B )"*" 
which can be readily identified by characteristic masses determined 
by the side chain substituents (R).
X - NH - CHR f CO | . . . - NH - CHR !- CO J- OZ '
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The total peptide can often be reconstructed by noting the 
various fragments (Diag.-5) starting from the N-termi na I end and 
identifying each residue by consecutive mass difference along the 
entire sequence.
These fragment ions are commonly observed in the e.i. mass 
spectra of peptide derivatives, but because of the high energy 
associated with this form of ionization other processes of 




A 1 X - NH - CHR+
B 1 X - NH - CHR - C0+
An X - NH - CHR - C O ....... CHR+
Bn X - NH - CHR - C O ..... . CHR - co+
M X - NH - CHR - C O ....... ........ NH - CHR - cooz,+
For example, the mass spectra of VaI containing peptides 
frequently exhibit ions resulting from elimination of the side 
chain as an olefin or as a radical (C3H7*). A similar cleavage is 
observed for Leu containing peptides with a loss of isobutylene 
or C^Hg’. Part of the side chain can also be lost as C 3H7* or 
propylene. The fragmentation of peptides containing residues 
of the hydroxyamino acids (Ser, Thr and Hyp) are accompanied by 
dehydration of the side chain. Ser and Thr residues are further 
characterised by the loss of the whole side chain, with hydrogen 
atom migration to the charged fragment. Peptides with residues 
of Asp, Asn, Glu and Gin under mass spectrornetric conditions are 
characterised by conversion of the side chain carbaikoxy group 
or the carboxyamide group into a ketene (loss of 31 or 17 amu 
respectively). In addition, the carbaikoxy or carboxyamide 
group of these residues can be expelled comp lei ly by homo lytic 
fission of the O C  bond, or with concomitant hydrogen atom migration.
The amino acid side chain of these residues can also be partially
or entirely cleaved. The side chains of peptides containing residues
of aromatic amino acids (Phe and Tyr) and heterocyclic amino acids
(His and Trp) can be eliminated as the cation ArCH2+. These ions are
usually intense and can be used as additional evidence as to the
presence of these amino acids in the peptide. Alternatively, the
side chain may be eliminated as the radical ArCH^*, which can be
accompanied by hydrogen atom migration to the charged fragment in
Trp and Tyr peptides. Met residues on electron impact frequently
lose their entire side chain and this sometimes occurs with
concomitant migration of the hydrogen atom to the charged fragment.
Simultaneous fissions of the - C and C - S bonds in the Met side
3 Y Y
chain have also been observed, but the corresponding peaks usually are of
i--- 1
intensity. The mass spectra of Cys and Cys Cys peptides are frequently 
recorded on their S-carboxymethyI (CmCys, hereafter abbreviated CmC)
i--- 1
derivatives, as the sequence assignment to free Cys or Cys Cys peptides 
is often difficult. The modified side chain may be cleaved completely, 
or alternatively partial elimination of the carbomethoxy group or methyl 
mercaptoacetate is often observed. Lys peptides in which the e-ami no 
group is protected, undergoes C-C and C-N bond cleavage in the side 
chain. The mass spectrometric fragmentation of Arg containing 
peptides is usually complex and for this reason, Arg residues are 
chemically modified before a mass spectrum is recorded.
Despite these side reactions which have been established using 
model peptides, it is often possible to deduce the correct amino 
acid sequence from a peptide!s mass spectrum.
The ionization and fragmentation of peptides depends on their 
prior volatilisation, but as peptides are internal salts (one amino 
group for every COOH group), they have a very low vapour pressure 
and they often decompose when heated to temperatures which are 
required for vapourisation. It is, therefore, necessary to convert 
the peptides to more volatile derivatives which must retain all the 
original structural features. Furthermore, it is desirable that the 
derivatisat ion procedure employed is simple and quantitative.
The first attempt to apply mass spectrometry to peptide 
sequencing was made by Biemann38*38»1*0*1*1. He reduced acetyl peptide 
esters with lithium aluminium hydride (or deuteride) to form volatile 
polyamino alcohols (Scheme-2).
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These derivatives fragmented under electron Impact mainly by C-C 
bond spI if ting (Diag.--6 ) and this process resulted in a series of 
ions corresponding to a stepwise loss of amino acid residues from 
the C-terminal end, thus enabling the sequence of the original 
peptide to be deduced. However, the reduction of small quantities
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of the larger acetyl peptide esters with good yields, was difficult.
Biemann therefore suggested an alternative procedure which comprised 
the foI IowIng steps:
1. non specific hydrolysis of the compound to a mixture 
of smaller peptides;
2. acetylation and esterifI cat ion of the shorter peptides
to convert them into compounds soluble in organic solvents;
3. reduction of the mixture of the N-acyI peptide esters with
t
LiAIH^, and
4. gas chromatographic separation of the resulting poI yamino­
alcohol mixture followed by mass spectrornetric analysis
of the separate fractions.
However, it was necessary to modi fy the hydroxyl groups present in 
fhe peptide (Ser, Thr) or in a Glu and Asp containing reduced peptide, 
into chlorides by treatment with thionyl chloride prior to Li AIM, 
reduction. Unfortunately, the intermediate amino-chlorides are
unstable and liable to undergo further reactions, which complicate 
the 1nterpretation of the resulting mass spectra. His and Arg 
containing peptides were even more troublesome. Because of these 
problems and the complexity of the chemical treatment, this method 
has had only limited use for the sequencing of peptides.
In the period 1958-1961, Anderson142 and Stenhagen1*5 showed 
that methyl esters of trifIuoroacetyI peptides were sufficiently 
volatile for mass spectral analysis, and that the spectra could 
be used to determine the primary structure of the peptide. A 
little later, Vveygand'4'4 confirmed that the mass spectra of 
N-tri fIuoroacetyI-peptide esters exhibited ions (CF3CO~NH~CHR)+ 
and (H^N-CHR-COOCH^) , and that these were useful for amino acid 
sequencing. Similar ions were also found in the mass spectra of 
acetyl-peptides and their esters'4 5 >146*47 and in acetyIacefonyI 
peptide esters'48. Numerous acyl protecting groups such as 
decanoyi1*8, ethoxycarbony150 and acetyl146 have been used. These 
N-protectlng groups often increase volatility or yield higher 
intensity sequence ions. Recently, a number of Schiff-ba.se 
protecting groups have been investigated as potential sequencing 
reagents51'52f53. The 4-dinethyI aminonaphthyIidene derivatives 
have proven to be the most useful in terms of volatility, and 
the tendency to maximize cleavage into N-terminaI fragments. They 
also yield intense molecular ions and the mass spectra can be 
readily interpreted. Modification of the carboxyl group usually 
involves ester i f I cat ion and methyl51*, ethyl55 or butyl esters56 
are usually employed. The esterification procedure has been carried
out using dI azomethane, methanol Ic HCL or thionyl chlor Ide-methanoI.
These three esterification methods suffer from a number of disadvantages. 
For example, diazomethane treatment of free or unmodified peptides forms 
non-volatile quaternary ammonium salts, as the free amino group also 
reacts with the reagent. The other procedures lead to degradation 
of Trp containing residues, loss of ammonia from Gin and Asn and 
in addition, non specific hydrolysis occurs if traces of water are 
present in the reaction media.
Despite these disadvantages, these techniques of N~ and Ci­
te rm inaI modifications have been applied successfully to a number 
of peptides and volatile peptide derivatives have been formed.
However, the larger oligopeptide derivatives are still not 
sufficiently volatile to give satisfactory mass spectra, and thus 
primary structure determination by this route is still difficult.
It was observed in 1963 that the naturally occurring nonapept i de 
derivative fortuitine5 7 was sufficiently volatile, without chemical 
modification, to give an acceptable mass spectrum58. This enhanced 
volatility was considered to be due to the reduced hydrogen bonding in 
the peptide, as it contained three tertiary amide bonds. St was also 
shown that the tetrapeptide methyl ester H~I!e~Pro-Sar-MeVaI-OMe 
containing no -CONH- groups gave a mass spectrum exhibiting a 
molecular ion even without acylation of the terminal ami no-group58.
These observations suggested that, if a procedure leading to 
methyl at ion of the -CONH- groups of oligopeptide derivatives could 
be found, the resulting modified peptide might be more volatile 
and thus suitable for the determination of the amino acid sequence
by mass spectrometry.
This resulted In the development of permethylatlon techniques, 
which were based on a procedure for carbohydrates described by Kuhn 
et.aI.,60. The N-methylatlon procedure consisted of treating an 
N-acyl peptide methyl ester In dImethyIformamlde with an excess of 
methyl Iodide In the presence of silver oxide (Scheme-3 ). In order 
to achieve complete reaction with this technique, It was necessary 
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The permethy(ation reaction was improved by Hakamori62 who used 
the methyl su ! phi ny! carban ion catalysed reaction in d'rnethy I su Iphox ide 
for permethylatlon of glycol ip ids and polysaccharides (Scheme-4). This 
technique was rapidly extended to the permethy I at ion of peptides63'61*, 
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The permethy(ation reaction has been used extensively for the 
sequencing of peptides by mass spectrometry. There are, however, 
some inherent disadvantages associated with this technique63.
These are:
1. the amide bond of Asn and Gin is converted to the expected 
dirnethylarnide, but some dehydration to a nitrile is possible;
2 . the Lys residue is also methylated at the e-N-acetyI group, 
but at a slower rate and the product contains a significant 
amount of a lower honvologue, which may make interpretation 
of the mass spectrum d i f f 1cu 1 1 ;
3. Ser and Thr are O* and N~ permethyIated, but the mass spectra 
show partial (or occasionally complete)loss of methanol from 
all fragments containing one of these residues;
4. Met and His form involatile salts which are unsuitable for
mass spectrometry;
I----1
5. Arg, Cys Cys and Cys also form nonvolatile salts and 
must be modified chemically before permethylation.
Variations in the application of the Hakamori reaction, such 
as the use of different reagent concentrations and reaction times6 5 ' 6 6 ' 67  
has overcome some of these problems. However, additional chemical 
manipulation is still required to cater for some peptides.
The elucidation of the primary structure of a peptide from its
mass spectrum, depends upon the identification of the amine (A )+
n
and/or the amino acyl (B^) fragment ions. Because side chain 
losses, rearrangements and other fragmentation processes also 
occur in the mass spectrometer, the peptide may not exhibit all 
the ions corresponding to these cleavages68'69'70, but techniques 
designed specifically to simplify interpretation have been developed.
Lederer suggested recording the mass spectra of two derivatives 
for each peptide, prepared with a mixed reagent (e.g., CH3CO + CD3CO), 
so that all ions arising from the fragmentation of the peptide would 
appear as regular doublets (e.g., 3 amu apart). McLafferty7 1  
suggested acyl groups containing a bromine or chlorine atom for the 
same purpose, so that fragments bearing these atoms will yield 
character!stic groups of peaks due to the specific isotopic composition 
of these elements.
High resolution mass spectrometry can be used for the interpretatIon 
of mass spectra. Exact mass measurement a I lows for the calculation of 
the empirical formulae of all the fragment Ions, and has resulted in 
the automated determination of the amino acid sequence in peptides72»J3,?S 75  
Programs utilising this information have used amine (A ) + and amino acyl
(B ) f ragment ions for identification, but even so an unambiguous 
answer is not always obtained. However, most mass spectra can be 
interpreted at low resolving power ^8 and it is only necessary to 
use high resolution mass spectrometry in doubtful cases.
it is clear that the sequencing of peptides by mass spectrometry 
is limited by: the volatility of the peptide derivative; the type 
and number of constituent amino acids; the thermal stability; and 
the type of mass spectrometer used. Obviously, the chemical methods 
utilised to overcome some of these problems are not entirely 
satisfactory, as they have required time consuming multistep 
manipulations and have been shown to produce undesirable side 
reactions with a number of amino acid residues.
III. AIM OF THE PRESENT WORK
In view of these problems it was considered desirable to 
develop a one step proce "ure for the derivatization of peptides.
As current esteri f i cat ion procedures are not err i re Iy 
satisfactory for all amino acids it was considered necessary that 
a non destructive esterification procedure be developed. In 
addition it was felt that a reagent should be selected that would 
react with the N-terminal amino group of a I I the common amino 
acids under Ihe conditions required for esterification so that 
volatile peptide derivatives could be prepared in one operation.
A literature search had shown that the pyrolytic conversion 
of tetraaIky I ammonium salts to alkyl esters might be a useful 
reaction suitable for the esterification of peptides under 
pyrolytic conditions. The general approach that has been used for
pyrolytic esterification, has involved reaction of a carboxyl group 
with a quaternary ammonium hydroxide to form a salt (Scheme-5 ). Thi 
quaternary ammonium salt is thermally decomposed
+ —
R-COOH + R, N OH
— h
^ R-COONR, + H O  *+ 2
Scheme-5
to form an ester and a tertiary amine biproduct (Scheme-6 ).
—-f
R-COONR^ ------ - --- > R-COOCH3 + R^N
Scheme- 6
This technique of pyrolytic esterificat ion or alkylation has been
used successfully for fatty acf ds7S, purines and pyrimidines77, 
barbituates73'79, phenolic alkaloids79 and phenolic acids80.
These pyrolytic conversion reactions have been done in solution 
at reflux or in an injection port of a gas chromatograph at 250°C.
The aim of the present work as to prepare volatife peptide 
derivatives suitable for lew resolution mass spectrometry by a 
simple and non destructive one-step chemical operation. In 
particular, it was decided to exploi t the pyrolytic route for 
alkyl ati on and esteri f i cali on and to deve I op a sui tab Ie N-protecti ng 
group compatibIe with this approach.
DISCUSSION
A. ESTERIFICATION OF ACETYL AMINO ACIDS
The first objective was to establish a peptide esterification 
procedure that would reduce sample manipulation and avoid side 
reactions, such as 1 he hydrolysis of Gin, Asn and the decomposition 
of Trp encountered with an acid catalysed esterification. In 
particular the concept of converting an N~protected peptide Into 
its ester derivative by thermal decompositIon of its quaternary 
ammonium salt was to be investigated. The ultimate aim was to 
carry out such a reaction in a mass spectrometer using the solid 
probe heater as a heat source and utilising the high vacuum system 
to drive the pyrolytic esteriffeat ion reaction to completion.
This idea was first tested on simpler but structurally 
related compounds. For this purpose N-acetyl amino acids were 
chosen as suitable models, as their alkyl ester derivatives were 
known to yield simple mass spectral fragmentation patterns. 8 1  
Since a large proportion of the published work on the sequencing 
of peptides by mass spedrometry had utilised methyl esters for 
carboxyl protection, these early ester ification experiments were 
concentrated on the formation of methyl esters.
Previous workers had established that fatty acids could be 
converted to their methyl esters via pyrolytic decomposition of 
either their tetramethylammoniurn or trimethyIphenylammoniurn salts. 
These salts had been prepared by dissolving the acids In 
tet i amethy IammonI urn hydroxide (TMAH) or tr i methyIphenyIammon i urn
hydroxide (1MPAH) respectively. The literature also suggested 
that TMPAH would be a better methylating agent than TMAH as 
dirnethy lani I îne is a better leaving group than trîmethy lami ne.
The experiments of Brochmann-Hanssen and Oke79 on the méthylation 
of barbiturates, supported this view. These workers found that 
the gas-chromatographic pyrolytic méthylation of tetramethylammoniurn 
salts of barbituric acids gave several products which were shown 
to be due to incomplete méthylation of the barbituric acids, but 
that the pyrolysis of the trimethyIphenyI ammonium salts of the 
same barbiturates yielded only the completely methylated product.
In an effort to test this hypothesis, a selection of N-acetyl 
amino acids were converted to their methyl esters by pyrolytic 
decomposition of their tétraméthylammonium and trimethy Ipheny len-moni urn 
S 3  its respective! y , in the solid probe heater of a mass spectrometer. 
In these initial pyrolytic esterification experiments, stoichiometric 
quantities of quaternary ammonium hydroxide were used (one equivalent 
of base per -COOH group).
In a typical experiment the acetyl amino acid was dissolved in
the equivalent amount of methanolic TMAH or TMPAH, which resulted in
the formation of the tetramethyI ammonium salt (TMA) or the
trimethyIphenylammonium salt (TMPA) respectively (Scheme - 7).
These acetyl amino acid salts were then introduced
+“ -+
CHjCONHCliRCOOH + (CH3 )/|N0H  - - - - - - - - - - - - - - - - ->  CH3CONHCHRCOON(0113)4  + H2 °
+  -  -  +
CH3CONHCHRCOOH + Ph N(CH3) 30 H -------------- » CH3CONHCHRCOOPHN(CH3) 3 + n20
Scheme -  7
into the ness spectrometer via the solid probe inlet and the 
esterification was induced by slowly increasing the temperature 
of the solid probe heater. The onset of the reaction was 
readily detected by an increase in sample pressure, which was 
due principally to the liberation of the volatile biproducts 
i.e., trimethylamine or dimethyIaniIine (Scheme - 8 ). After 
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Scheme -  8
temperature was increased until the acetyl amino acid methyl 
es«er became sufficiently volatile to give a mass spectrum.
1 he most suitable temperature for esterification of TMA 
salts was iiCM30oC, and for TMPA salts it was 80-1 10°C. Whilst 
lower temperaiures could be used to initiate these conversions, 
longer reaction times (in excess of thirty minutes) were required 
to achieve complete esterification. Pyrolysis temperatures in 
excess of I50°C could also be used, but under these conditions the
amine biproduct and the acetylamino acid ester were volatilised 
concurrently. This resulted in a large Increase In sample pressure
35.
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Table 1. Relative Intensities of Selected Ions 









HotSod1 Amino P »» /e  43 A l B . N H-R* BaseA c id ■ /a I NT m/m INT * Paah ! ■ / • )
A 72 70 24 7
B G iy BO 72 73 100 21 131 8 30
C 91 79 27 6 -
A 21 85 2 B
B A la IB 86 88 144 1 145 7 - 44
C 27 79 2 6 -
A 29
*
88 , 1 e
B Val 27 114 94 142 1 173 2 131. 6 72
C 25 91 2 1 7
A 30 86 1 1 3
B Leo 32 128 89 156 1 167 1 131 ' 4 86
C 28
A 62 17 1 17 ' 100
6 Mat 56 146 21 173 1 205 22 131 100 131
C 57 14 1 16 100
A 22 41 I I
8 P ro 19 112 46 140 _ 171 9 - 70
C 17 38 - 13 *
A 100 33 4 2 2
B Asp 100 144 30 171 5 203 2 144 3 43
C 100 27 3 2 5
A 75 46 4 1 18
B G ig 68 158 42 185 5 217 1 144 13 84
C 65 40 3 1 16
A 17 100 2 22
B Pha 13 162 100 189 - 221 2 131 21 162
C 9 • 100 - 2 IB
A 100 30 1 12
B S er 100 102 36 130 - 161 1 143 10 43
C too 21 . - 1 18
A , 100 18 4 6 14
8 T h r 100 116 21 144 4 175 8 131 I I 43
C too 17 4 3 16
A 63 42 4 3 6
B Asn 57 129 46 156 2 IB7 4 170 7 70
C 81 28 6 1 13
A 70 43 7 6 10
B G in 54 143 45 171 4 202 6 185 6 84
C 54 34 6 • 4 16
A too 2 4 2




1. A-ftof.r.nc. ».thod of .st.rlfleatlon, *.tKoa-6 IMP/* .»t.rHIctlon, M.thoO-C Im a m .jt.rlI leaf Ion.
2 .  A l l  Io n *  a r .  c a lc u la te d  a t  a p a r e n t a g .  o f  the  feat. p w k ,  t h l j  c a l c u la t i o n  . « e lu d in g  t h o i .  lo n j  f r o *  TM W  o r  TMPAH.
3. Cl.awag. M-R ra p r . j.n ta  complpt. o r p a rt ia l j l a .  chain lo«».
• ~3and in some cases pressures of 2 x 10 torr were recorded. In
practise it was found to be more desirable to remove most of the 
amine biproduct prior to recording a mass spectrum of the 
acetylamino acid methyl ester. Under these conditions (80-I30°C) 
some 4-8 minutes were required for decomposition of the TMA salt 
and 3-5 minutes for the TMPA salts respectively.
The characteristic amine (An )+ and amino acyl (Bn)+ ions in 
the e.i. mass spectra of the acetylamino acid methyl esters prepared 
by pyrolytic methylation procedures (method B-TMPAH, method C-TMAH) 
were compared with those of authentic acetyI ami no acid methyl esters 
which were prepared by published methods (Method-A) (Table-1). The 
mass spectra of the derivatives of Gly, Ala, Vaf, Leu, Thr, Phe, Pro, 
Asp, Glu, Met and Lys were essentially identical for all three 
esteri f ication methods. A minor variation in the spectra of the 
derivatives of the thermally labile amino acids, Ser, Gin and Asn 
was noted. For example, the mass spectrum of acetyl Ser methyl 
ester when prepared from its TMA salt resulted in more intense ions 
at m/e = M - 18 due to dehydration, and at m/e 84 = M - (C00CH3 + H20) 
than if prepared by the other methods. Also, the molecular ion was 
less intense and overall the spectrum was more consistent with the 
derivative, methyl 2-N-acetylam?noacrylate, the dehydrated form of 
acetyl Ser methyl ester. The mass spectra of N-ace tyl Gin and N-ace tyl 
Asn methyl esters prepared by the reference method of esterification or 
by thermal decomposition of the TMPA salt were essentially identical.
The reference method used diazomethane for esterification, instead 
of the more commonly used thionyl chloride-methanol reagent82, as 
acidic esterification methods completely hydrolyse amides to the 
correspond!ng acids. The most pronounced side chain loss in the 
mass spectrometer was due to the liberation of ammonia at m/e = M~17. 
This loss was more pronounced for the TMA esteritied derivatives and 
once again, the molecular ion was less intense.
In addition to these specific cleavages, the mass spectra of 
the pyrolyticaIly esterifled derivatives had other distinguishing 
characteristics. The most prominent feature was the presence of 
ions due to the biproduct amine (m/e 58, 59 trimethyI amt ne or 
m/e 1 2 0 , 1 2 1 dimethyI ani I ine) in the spectra of the acetyl amino 
acid esters. These biproducts could be selectively removed before 
a mass spectrum was recorded for the ester derivative, simply by 
maintaining the solid probe at a sufficiently low temperature to 
prevent volatilisation of the acetyl amino acid ester. This 
technique was not generally implemented as the presence of the 
amine spectrum did not Interfere with the interpretation of the mass 
spectrum of the acetyl amino acid ester, and only lengthened the 
analysis time.
The pyrolytic esterification procedure also resulted in partial 
methyI at ion of the N-tenninal ace tarn I do group. Satellite ions of 
low abundance (<3$6) were observed 14 a mu higher in mass than the 
expected fragment and molecular ions, for most of the amino acid 
derivatives investigated. These ions were attributed to N-methylation 
of the acetami do group, the methylat ion being facilitated by the
election withdrawing effect of the acetyl group. N-acetyI Pro did
not undergo methyI at ion, because it has a tertiary N-acetyi amide
bond with no hydrogen for rep(acement.
The mass spectra of conventionally and pyrolytically esterified
acetyl amino acids contain in addition to a molecular ion (M)t an ion
at m/e = M + I. The intensity of this ion was less than 30? of the
molecular ion for the convent Iona lly esteri f ied derivatives, with
the exception of the mass spectra of Ser, Thr, Asn and Gin which
showed ions at m/e = M + I of greater intensity than the (M)* ions.
As expected03 the inlensity of the ion at m/e = M + I was shown to
~6 -.5
be pressure dependent, thus at pressures of 8 x 10 to 2 x 10
torr, when the amine biproduct was present in large concentration,
the ion at m/e - M + I was of greater abundance than the molecular
ion. If the amine biproduct was removed prior to volatilisation of
the acetyl amino acid ester, the (M + I) peak was less intense than
+the molecular ion (M)~.
These results demonstrated that a pyrolytic esteri f ication 
reaction in a mass spectrometer was a viable alternative to 
conventional esterification procedures. Since it was observed that 
the thermal decomposition of TMPA salts of the thermally labile 
amino acids, Set', Gin and Asn was superior to that of the respective 
IMA salts, TMPAH was selected as tbs reagent of choice for all 
furl her ester i fI cat i on reaoti ons.
B. PERMETHYLATION OF ACETYL AMINO ACIDS
The volatility of peptide derivatives can be increased by
N-methylation of the amide bonds61'62, and it was thought likely 
that the pyrolytic méthylation procedure with excess TMPAH may
lead to the permethylation of peptide bonds. The acetyl amino 
acids were also suitable models for this study as the degree of 
méthylation of the acetamido group could be used as a guide for 
the likely excess of TMPAH required for amide bond méthylation.
In addition, side reactions could be more easily recognised and 
tabulated. The literature suggested that an excess of TMPAH 
ranging from I- 10 equivalents had been used in some cases to .
achieve complete méthylation of the functional groups of 
barbiturates7 8 ' 78 phenolic alkaloids78 and pyrimidines7 7 and for 
this reason these early experiments were carried out using a 
substantial excess of TMPAH. The results showed that 4 equivalents 
of TMPAH (for each C00H group) were required for complete 
permethylation of Gly, Ala, Val, Leu, Met, Asp and Glu. The i ass 
spectra for these derivatives had ions 14 emu higher in mass than 
the reference compounds. In addition, ions of low abu rida nee (<2%)
14 amu higher in mass than these were obtained on the derivative 
of Gly. N-acetyl Pro with a tertiary acetamido bond, also exhibited 
ions 14 amu higher in mass than expected. The increase in molecular 
weight for both derivatives was attributed to the presence of some 
C-methylation bÎproducts in the sample.
Similar observations have been reported by other î nvest îgators81* *61  
when using conventional permethyfation methods.
The amino acids Ser, Thr, Gin and Asn could also be completely 
N-methyIated under these conditions. However, the mass spectra of 
these derivatives were quite complicated due to the presence of 
partially methylated side chain functional groups and the presence 
of lens corresponding to dehydration, loss of ammonia and other 
rearrangements. Because of the difficulties of interpreting the 
mass spectra of some of these permethylated acetyl amino acids, a 
large excess of TMPAH was not considered suitable for the 
permethy!ation of peptides. During these permethylation studies, it 
was observed that 1.2 equivalents of TMPAH per equivalent of -COOH 
group provided a useful base excess for pyrolytic méthylation studies, 
since it aided dissolution of the acids and resulted in a minimum of 
side reactions. Utilising these reaction conditions, méthylation of 
the acetamldo group did not exceed \0% and undesirable side chain 
méthylation of Ser, Thr, Gin, Asn, G I y and Pro was avoided. For this 
reason, future pyrolytic esterification procedures utilised these 
reaction conditions.
C. PYROLYTIC ESTERtF ICATION OF ACETYL PERT IDES
A number of N-acety! peptides were esterified by pyrolytic 
méthylation using the same reaction conditions as before. N-acetyI 
peptides were chosen for this initial study because they have been 
used extensively for mass spectrornetric sequencing, and it has been 
shovm that peptides acylated with low molecular weight aliphatic
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A!*-Val a 86 114 its 213 202 244 56 -
p 84 114 its 213 202 24« 86 3
V«l-l»« a t 14 n z 2 2 7 255 24« 230 28S 43 ■ -
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(a) S#q»i«Dce fon  *b u n d *n c r j < 101 ara in  h o ld . 10 50Z 1« Italic, > 50Z la o r .111 *‘7 *r?4.
(V) T m T /ro ly t le  Kf thyiat ion; % • Kefcran et
( e )  Th« *  — » n i e — » » In o  g roup»  a re  hoch  a c e t y la te d .
(d) Th« «'«qiitnca ion» «howu correapood to fragmentation of {(M/2) + I)],
(*) S ii*  chain rl«*y*g« X m ;  I« co»pl«t« 'of p a rt ia l lo«* of tha »Ida chain.
acids (from acetic to decanofc) are most suitable for mass 
spectrometry. 85 >86,37
The pyrolytic esteri f i cation of acetyl peptides by thermal 
decomposition of their TMPA salts required solid probe temperatures 
of 80-1 I0°C and a reaction time of less than five minutes. Not all 
of the resulting acetyl peptide esters were sufficiently volatile 
at this low temperature and some of these required a solid probe 
temperature of up to 250°C before a mass spectrum could be obtained. 
For example, the derivative of a neutral dipeptide such as AI a-Leu 
was sufficiently volatile at a I20°C for mass spectral analysis whilst 
the derivative of Phe-Phe required a temperature of 2 I0°C before a 
satisfactory mass spectrum could be obtained.
Table-2 gives the e.i. mass spectral data for a selection of 
acetyl peptide methyl esters esterified in this manner. The e.i. 
mass spectra of these compounds were consistent with previously 
published fragmentation mechanisms88 and prominent ions corresponding 
to amine (An >+ and amino acyl (Bn>+ cleavages were common (Diag.-7), 
allowing the amino acid sequence of the starting peptide to be deduced.
i . t i l
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Diag.-7
A small selection of acetyl peptides were esterified by standard 
methods82 and their mass spectra were compared with the mass spectra 
obtained on the corresponding pyrolyticaIly esterified derivatives.






© © © ©
OI -> œ OD
CL CU cu CU
Se3CT!
The results (Table-2 ) were with minor exceptions essentially the 
same. In particular, the presence of Ions at m/e 1 2 0 , 1 2 1 due to 
dimethyIan?IIne were a characteristfc feature of the pyrolyticaIly 
esteri f ied derivatives, but this did not impair identi f ication of 
the acetyl peptide ester, as can be seen for the derivative of Leu-Val, 
(Fig-2). The other feature of the spectra of the pyroiyticaIly 
esterified derivative was the presence of satellite ions 14 amu 
higher in mass than the molecular ion. These; satellite ions were 
attributed to permethylation of the acetamido group, but there was 
no evidence of permethylation of the other amide bonds. In these 
experiments 1.2 equivalents of TMPAH per equivalent of carboxyl 
group was used, and under these conditions, both the alpha and the 
side chain carboxyl groups were completely esterified. At the same 
time, the side chains of Tyr, Trp and His were also partially 
methylated. This was deduced from the presence of satellite ions 
14 and 28 amu higher In mass than the molecular ion in the mass spectra 
of peptides containing these residues. These ions were attributed to 
partial N-methylation of the acetamido group and partial methylation of 
the side chain. In fact, ions 14 amu higher in mass than the 
molecular ion were also detected in the mass spectra of His and Trp 
peptide esters prepared by conventional techniques. These ions have 
been shown to arise by thermal intermoI ecular N~methylation of the 
imidazole or indole rings89'90, the C-terminal carbomethoxy group 
being the main source of methyl groups (Scherne-9). It is probable 
that this type of process accounts for some of the methyl at ion
n h - c h - c o -
II - N H - C H - C O -I
- N H - C H - C O -








observed for Hîs and Trp residues, although the percentage méthylation 
of the conventionally esterîfied acetyl peptides with these residues
peptides. However, the pyrolytîcally esterified derivatives contained 
more of the méthylation product than could be attributed to 
Intermolecufar N-methyI at ion. In addition the phenolic group of Tyr 
residues was also susceptible to pyrolytic méthylation with 18-22* 
methylated product being observed.
As these residues possessed obvious méthylation potential, the 
excess of TMPAH used was increased to a 20? excess per residue, i.e., 
1.2 equivalents of TMPAH per equivalent of His, Trp or Tyr, so that 
méthylation of the side chains of these residues could be enhanced. 
Under these conditions the phenolic group of Tyr residues was 
completely methylated, as shown by the 14 amu Increase in molecular 
weight of these peptides, together with an intense ion at m/e 1 2 1
was less than 0.I? for the Trp peptides and less than 1? for the His
due to cleavage of the aromatic side chain as The
use of less TMPAH gave Incomplete méthylation of this group and 
molecular and sequence ions separated by 14 arnu were obtained, in 
addition to intense ions at m/e 107 and 121.
His and Trp residues in contrast to Tyr were only incompletely 
methylated using a 1.2 molar excess of TMPAH per residue. The mass 
spectra of peptides with these residues had molecular ions and some 
sequence ions separated by 14 amu. In addition both residues had 
intense ions separated by 14 amu correspond?ng to cleavage of the 
side chain as ArCH2 (His, m/e 81 and 95; Trp, m/e 150 and 144). 
These ions were usually of equal intensity suggesting that 
approximate!y 50Î conversion to the N-methyI derivative was possible 
under these conditions. Complete méthylation of His and Trp 
residues was possible, if 4 equivalents of TMPAH was used for 
derivatisation. However, this was not desirable under e.i. 
conditions, as a considerable increase in sample pressure was 
obtained from excess TMPAH within the mass spectrometer necessitating 
long residence times (twenty to thirty minutes) before the excess 
dimethylaniIine could be removed. In addition, the large excess of 
TMPAH induced partial méthylation of a I I the amide bonds in the 
molecule and completely methylated the N-terrni na I acetainido group. 
However, the presence of these ions made the interpretation of the 
mass spectrum very much more difficult. For this reason, the 1MPAH 
excess was restricted to 1.2 equivalents for every equivalent of His
TABLE- 3
Summary of Fraction Conditions and Products of Pyrolytic Esterification. •
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or Trp residue present in the peptide. Although incomplete 
methylation (approx. 50?) of both His and Trp residues is likely 
under these conditions, this partial methylation can be used to 
advantage to confirm the presence of these residues In an unknown 
peptide.
In summary, the reaction conditions found to be most suited 
for the pyrolytic methylation of acetyl peptides was the use of 
1.2 equivalents of TMPAH per equivalent of carboxyl group, Tyr,
His, and Trp residue (Table-3). Solid probe temperatures of 
80-1I0°C were found most suitable, with esterification being 
achieved in less than five minutes.
Finally, it was decided to demonstrate the general applicability 
of the pyrolytic esterification reaction to the derivatisation of 
other N-acylated peptides, and a small selection of some of the 
commonly used N-acyl protected peptides were derivatised under 
these conditions.
P. ESTERIFICATION OF ACYL AND SULPHONYL PROTECTED PEPTIDES
Val-Ile-Ala was acylated with a number of reagents and the 
resulting acyl peptide was esterified by pyrolytic methylation. The 
mass spectra of the resulting derivatives (Table-4) were compared with 
published reference spectra51»52'53. The results showed that the only 
difference in mass spectra was the presence of satellite ions 14 amu 
higher in mass due to partial N-methylation of an acetamido or
Table 4. Relative Intensities* of Selected ions for the Derivatives
of V a lyi1 soleucylalanlne
X
\ ;  °1. A2I B2, A 3 1 0 3 M,
NH -  CH 00 L
1 1 ' 
CH J J
NH -  CH I- CO ;  
CH J ‘




/  N '  \
CHj CH3 Cj H5 CH3
. o
Fragment Ions
Amino Protecting  
Group A2 B2 A 3 ö3




305 333 4 1 8 446 489 517 548
Dansy1 INT. 30 < 1 5 2 24 ' 4
1 NT. 52
_____
0 .9 6 1 1 15 b
m/e 1 14 142 227 255 298 326 357
Acetyl INT. 100 36 26 12 0 .3 0 .5 0 .3 c .
INT. 100 29 23 9 - 0.4 - b
m/e 168 196 281 309 352 380 41 1
T r 1f 1uoroacety 1 INT. 31 - 100 7 1.5 0 .8 0. 1 c
INT. 56 - 100 3 2 - 0 .3 b
m/o 100 128 213 24 1 284 312 34 3
Formy1 INT. 100 10 89 19 1.4 1.3 0 .4 c
1 NT. 100 8 60 13 2 .0 0 .8 0.4 b
m/e 176 204 289 317 360 388 419
Benzoyl INT. 39 27 5 2 .04 .2 . 1 c
INT. 51 23 3 2 ( - ) ,4 .3 b
m/e 1 56 184 269 297 340 368 399
P lva loy l INT. 100 9 12 ■ 2 1 0.1 0.1 d
INT. 100 7 9 3 2 0 .3 0.1 b
1. A ll  In te n s i t ie s  are ca lcu la ted  as a percentage of the base peak a f t e r background sub trac t io n
2. (a) From an Hitachi Porkln-EImor RMJ-7 mass spoctromotor. 53
(b) From an EAI QUAO 300-0 mass spectrometer v ia  p y r o ly t ic  e s te r l  f Ic a t lo n .
(c) From an AEI MS-9 mass spectrometer. 51
(d) From an EAI QUAD 300-D mass spectromoter using conventional e s t e r i f i c a t i o n .
50.
sulphonamido group for the pyrolyticaIly esterified derivatives.
These methyl ation peaks did not significantly hamper the 
identification of the relevant sequence ions. The mass spectral 
results suggested that the pyrolytic esterification reaction could 
be potentially useful for the esterification and the subsequent 
sequencing of most volatile N-acyl or sulphonyl protected peptides.
However, it was clear, that the potential value of the 
pyrolytic reaction would be greatly enhanced if N-protection could 
be achieved during salt formation. In this way the chemical 
manipulation of the peptides could be considerably reduced and a one 
step derivatlsat ion might become feasible. Of the acyl protecting 
groups already used for the sequencing of peptides, the trifIuoroacetyI 
function seemed most suitable for this purpose, as the trifluoroacetyI at ion 
of amino groups with methyltr i fIuoroacetate can be effected in 
weakly a IkaIine solution91. This condensation reaction was applied to 
the derivatisation of the TMPA salts (Method II) and the products of 
this reaction were run on thin-layer chromatography against 
trifIuoroacetyIated peptides prepared by the conventional 
trifIuoroacetyI at ion method92 (Ref. Method). In all cases, the Rf 
of TFA-peptides by the two methods were found to be identical 
(Table-5). The condensation of methyItrifluoroacetate with peptide 
TMPA salts required either refluxing for fifteen minutes or seven 
hours at room temperature. Under these conditions the side chain 
amino group of Lys is also tr i f I uoroacety I ated. In order to check the
Tabie 6 . Relative intensities^ or Seiecteci ions in tne Mass Spectra 
of. TFA - peptide Methyl Esters Prepared by different Methods^
CH J- CO + XH. !CF3 CO - NH CH -1- CO-+NHI I







' 2  '
M 1
P .p t Id . A. " i a i n;
w Bas. P . ik
«b
_l_______
i b l l b R 1 11 R i 11 R 1 11 R i 11 R l 11
m/ n
i
; 176 176 176 154 154 154 312 326 376 340 334 354 371 385 385 130 144 144
C ly -T rp e
INT ! 24
J _______
26 78 4 3 7 0.6 0.3 7 0.5 0.3 0.2 0.8 0.5 0.5
m /a ! i . o MO 140 168 168 168 787 287 787 315 315 313 346 346 >46 91 91 91
AIa-Pha
INT i 70 67 60 0. 1 0.6 0 .3 1.3 3 2 0.05 0.3 0.2 0.3 0.5 0.5
n /e ! 166 160 166 196 196 196 781 781 201 309 309 309 >40 340 340 168 168 166
V a l- l . u i
INT 1 ICO 100 100 0.2 0.4 1 18 13 14 0.6 0.4 0.5 0.6 0.5 0 .5
1l . - * l a
m/m 167 in? 182 210 710 210 753 253 753 781 761 281 312 312 317 182 182 182
INI ; loo 100 100 0.05 0.02 .00 15 9 13 4 6 2 0.5 0.5 1
P r o - v .1
m/a 1 66 166 166 194 194 194 265 265 265 293 293 293 324 324 324 166 166 166
INT 100 100 100 40 33 36 2 5 6 0. 1 - - 1 0.5 1
m/a ; 16? 167 102 210 210 710 239 239 739 267 767 767 290 298 298 164 164 164
Hyp-Gly
INT ; 60 
J_______
60 38 8 10 23 16 9 25 16 10 25 6 4 10
S . r -V . l
m/a I 1 56 1 66 136 104 184 184 255 255 255 283 783 783 314 314 3 K 138 136 138
INT , 75
4-------------
1? 16 23 13 16 73 6 5 2.3 6 9 - - 0 .5
T n r-G Iy
m/n i 1 70
1
170 170 198 190 190 727 227 777 235 755 735 286 786 286 137 152 152
INT J * 1 4 6 12 9 6 0.0 4 3 O J___ 0.8 6 o.n?
m/m i 100 198 196 276 776 225 345 3<3 345 373 373 373 404 404 404 9 1 91 91
A»p-PN.
INT ! n  
j - - - - - - - - - - - -
16 10 * 0.1 * “ " " 9 7 9 0.2 0.5 0.5
m/a ! 79J 793 793 321 371 321 397 397 397 470 470 420 451 451 451 1.80 160 160
ly s - V . l
INT j 4 7 9 4 0.5 6 6 4 3 0.5 0.3 0.3 0.1 0 .3
■*/a : K 0 K 0 K 0 168 168 168 303 317 317 331 345 345 362 376 376 107 121 121





30 20 0. 1 0.2 0. 1 1 1 3 0.3 * 0 .3 0.2 0.3 1
(a) A M  Intentiti«« a t « cnlculatad e5 • pnrcontagn of thn basa pnak abov# m/n 00 » M a r  a background Subtraction.
(t>) R - mnthod o* Tr I f I uoro.icn t y | a 1 1 on and C s ? «r I H  C8 f I on; I - n$fnrnncn m«tKod of Tr I f I uoroaca ty I a 11 on and
¡1 « T r I M  uoroac at yI a t Ion ulTh mathy11rMIuoroacathfa, and C 5 tar IfIC8fI on by pyrolysis.
(c> Appro«. bOi mathyiatlon o f  th* Indol« fido chain of this rasldua hat occurred during pyrolytic astarlfleaf Ion.
<d> M.S* ««r« r»cord*8 on «n CAI OUA0 3000 a m  »pactromatar.
P y r o ly t ic  E t t o r i • Ic a t lo n j
CJt
Table 5. Thin-layer chromatography of TFA-peptldes 










Ref. compd Method II
Al.a-Leu 0.45 0.72 0.72a Met-Ser 0.47 0.75 0.75
Va 1-Leu 0.25 ■ 0.73 0.73* Hls-Leu 0.37 0.81 0.81
Gly-Trp 0.37 0.81 0.81 Lys-Va1 0.33 0.70 0.70
Ite-AIa 0.33 0.73 0.73 Asp-Phe 0.28 0.73 0.73
Ser-Yal 0.43 0.80 0.80 Gln-Gty 0.31 0.72 0.72
Hyp-Gly 0.43 0.73 0.73 Pro-Phe 0.37 0.81 0.81
A The trifluoroacetylation of these peptides was followed by thin-layer chromatography 
over a period of 8 hr. Reaction was complete after 15 min. at reflux or 7 hr. at 
room temperature.
stability of the N-TFA group under pyrolytic conditions, the TFA- 
pept ides trîfIuoroacetyîated by the reference method were divided 
into two portions and half of the derivative was esterified by 
conventional methods1*5 ' 59 (Ref. Method) and the other half was 
esterified by the pyrolytic technique (Method I). The mass spectra 
of these TFA-peptîde esters were then compared with those prepared 
by the methyItrifIuoroacetate-pyrolysis method (Method II). The 
results (Table-6 ) showed that the mass spectra of TFA-peptide methyl 
esters by these three methods were almost identical. Again, tho ~nly 
differences in these spectra were the presence of low abundant ions 
due to partial méthylation of the trifIuoroacetamido group, and the 
side chain méthylation of peptides containing Tyr, His and Trp
residues.
. cl *
Table 7, Relative Intensities of Sequence ions in the 
Mass Spectra^ of 7FA - Peptide Methyl Esters0 '
oeNj;
M*
Ml -  CH * CO * o015 NH -  CM * CO *
R 1 1 h ; : A i ;
A1 * V V °i' V  V
P e p tid e
m/n $n6 f l i l i l l v R  1 nten% 1 f i «* o f Sequence Ions
A. 0 . Ai  uj Ai  ‘ ° i M B a ia  Peak i M e th y l.
i
m/o HO 168 7 39 767 298 HO 6
1 NT 100 3 50 0.3 0 .3
X
A la - le u
m/a | 1401 168 753 781 312 HO 3
1 NT ! 100
j______
70 10 0.8 0.1
V a l-V a l
m/n j 168 196 767 795 326 168 4
INT | 100
J______
40 4 0.3 0.3
Pro-Phe
m/n | 166 194 767 341 372 166 -
INT j  100
-J--------------
70 4 5
C lu -T y r
m/a ¡ 7.2 740 389 <17 . 448








373 404. 432 463
6
91 3
m/a 197 223 734 702 313
G ln -G ly
INT 16 * 0 .8 - 0 .2
m/a 269 297 407 4 30 471 144 61Trp -G lu
INT 2 - 1 0 .8 0 .7i
I
m/n











m/a | HO I6B 211 239 787 310 417 HO 6
A la -A In -A 1 e -A la ;
INT 1 100
i
60 6 4 1 2 0 .3
(a ) *11 l n * n n i l t l n i  n r# c a lc u la te d s i  * Of the bm n pnnh nhova » /n  80 a f te r a background lu b t r a c t lo n .
(b ) tta -  P n p tlda  N n thy l f i t o r »  va ra  p roparnd by th« « « th y  I t r l  f luoroneetatn/TM PAH cond e n sa tio n  and p y r o ly t ic  e i t e r l  f I c a t io n .  (Method I I . )
(c )  Sageenee lo rn  i r «  ihown ( o r  tha  N-m nthyl d e r iv a t iv e ,
(d ) m .S .  war« raoordad on an EAI QUAO 3000 m a tt a p e c tro m a ta r,
Since the sequencing of unknown peptides by mass spectrometry 
relies on the presence of fsequence-determining îons! Camîne (An)+ 
and amino acyl (Bn )+], the relative abundances of these ions in the 
mass spectra of a series of TFA-peptîde esters prepared by the new 
method (Method II) have been tabulated (Table-7). The partial 
méthylation (<I0?) of the trifIuoroacetamido group during pyrolytic 
méthylation îs undesirable, as it interferes with the interpretation 
of some of the peptides* mass spectra. As such, some attempts have 
been made to reduce the degree of permethyI at ion. This was most 
conveniently done by the addition of a small amount of cation 
exchange resin (Zerolft 236 Permutit) until the pH of the reaction 
mixture was reduced to approximately 8 . Care has to be taken in 
this step as if too much TMPAH is removed, the yield of ester 
following pyrolytic esterification is drastically reduced. This 
procedure significantly reduced the amount of permethyI at ion of the 
trifIuoroacetamido group, but it was not possible to completely 
eliminate the process.
It is clear that the elimination of permethyI at ion is desirable 
if the sequencing of peptides is to be attempted by this method, and 
for this reason other N-protecting groups such as aldehyde and 
3-dÎketone adducts were investigated. These condensates do not 
have an acidic NH-group and thus the tendency for permethyI ation 
seemed less likely.
Table 8 . Relative Intensities of Selected Ions for N-protected Valy 11 soleucyla I an Ine
Methyl Esters-
CjHj CHj 0
1 . 1 - .
XNM s CH «• CO *  N H * > C H * C O - » N H - C M * > G *  OCM.t ' j i 1 j 1 ■> ' }
P A j t)  A, 62 A , 8 , M
Amino Protacting Group
\ Ai fl2 AJ V
P*> 0 M
R a t.1
Raf. Pyr, Raf. Pyr, Raf. Pyr. Raf. Pyr. Raf. Pyr. Raf. Pyr. Raf. Pyr. Raf. Pyr. Raf. Pyf.
Acetylacetonyl m/e 154 182 267 . 295 366 43 197 397 a '
INT 100 100 12 10 - 2 5 3 1 - 3 4 - 7 * • 6 4
Banjoylocatony 1 , m/e 216 244 329 357 400 428 161 259 459 b
INT 100 100 I I IS 1 4 1 2 1 - 2 1 6 9 3 5 1 1
Ethoxycarbonylpropanyl m/o 184 212 297 325 368 396 86 227 427
13INT 100 100 5 4 13 16 7 10 - - 1 1 2 5 ‘ 6 3 10
NeopentylIdana m/a 140 168 253 781 324 352 85 183 383
b
INT 100 100 1 - l i 15 3 5 2 2 1 1 6 10 - ■ - 1 1
Benzyl Id an* m/a 160 188 273 301 344 372 .  «05 203 403 a
INT 100 100 - 3 37 22 5 I I - 4 6 - 9 37 I
4-**et ho*y benz y 1 Idene2 m/o 190 190 218 218 309 p03 317 331 360 374 388 402 121 135 219 233 447 433
INT 100 100 - - 67 48 9 1 1 ' - I I 7 12 ' 21 83 49 1 2
4-DImethyla«lnobenzyitdene2 m/e 195 223 316 344 . 387 415 148 746 4t0 446
INT 100 100 8 1 6 I I 6 1 22 I I 6 3 29 21 44 33 29 21
4-01 methyl ami no- m/a 229 257 342 370 413 441 174 272 486 472
clnnjTi ' 1 i r*>ne2 INT 100 100 - -  ■ 3 I I ' - 5 - 3 9 9 77 48 37 27 24 18
4-CM oro benzyl Idene5 m/e 195 223 . 308 336 379 407 140 238 438 b
INT 100 100 - - 13 16 8 10 1 2 3 5 28 41 13 17 2 1
1-Naphthylmethyl ene m/a 210 238 323 351 394 127 253 433
9
c
INT - 51 I I 8 100 49 (3 9 20 9 48 13 1 8 5 19
4—01«ethyleel nonaphthyl- m/a 255 281 366 ' 394 • 465 197 296 510 496
methyl ene2 INT 92 80 ' - “ 9 8 - 3 6 - 9 8 77 100 72 60 100 50
5. Source of refnrence spoctra, a , s t ) . b -  pnptldes vere a s te r lf la d  and N-protected by standard methods,<7#,
2 . These r a f .  spectre wore rerorded as th o lr  ethyl astor deriv a tiv as ,
J, The Ions sho«» are for the Isotopa of grootest abundance. 1
4 . Cleavage P may pa complete o r p a rt ia l loss o f the protecting group,
5 . A ll ln te n s ltla s  are  ca lculated as a percentage of tha basa peak abova m/a 80 a f ta r  background subtraction .
E. ALDEHYDES AND B-DIKETONES AS PROTECTING GROUPS
The reaction of aldehydes and B-diketones with peptides in 
alkaline media results in formation of Schiff base and enamine 
protected peptides93»91*. As these derivatives have no acidic 
hydrogen for replacement, methylation in the amino terminal 
position is unlikely. Aldehydes and B-diketones can be coupled 
with peptide TMPA salts in slightly basic conditions. This 
condensation makes one step derivatisat ion possible and chemical 
manipulations can be kept to a minimum allowing as little as 
50-100 nmoles to be handled satisfactorily.
In order to evaluate the more common aldehyde and B-diketone 
condensates under pyrolytic methylation conditions, a series of 
protected VaI-I I e-Ala TMPA salts were prepared and the mass spectra 
of their enamine and Schiff!s base derivatives were compared with 
those obtained by conventional derivatisation procedures. The 
results showed that the molecular (M)* and sequence ions (An , BR) 
of the N-protected VaI-IIe-AIa-OMe listed in Table-8 were 
essentially identical to the published reference spectra51>52'53.
The aldehyde or B-diketone condensation of peptide TMPA salts could 
be prepared in a one step reaction using molecular sieves (type-3A) 
as water scavengers (Scheme-10). In this manner the mass spectrometri 
sequencing of peptides was possible without purification or isolation 
of the derivatives. The selection of suitable reagents for this 
purpose was based on the published work of Day et.al.53 on the 
mass spectrometric sequencing of Schiff base and enamine condensates
57
Table 9. Relative abundance of selected ions 
of Neopentylidene peptide derivatives
Sequence ion abundances < 10% are in bold, 10-50% in italic and > 50% in ordinary type. The base 
• peak is indicated by *
^  ;
H :C ^ C - CH— n 4-CHr 4-CO-|-Nh 4-CHR-t  
P A. B' Q A.
CO-f NH— CHR-4 -CO-Î-OCH3
B. B.
Pepiide Al »1 a 2 b2 > u> B3 M - P Q M -/ M — m M Base*
Gly-Gly-Gly 98* 155 183 240 WJ 00 Xj 214 271
Gly-Try 98* 284 312 286 343 130*
Ala-Phe 112* 259 287 303 261 318
Val-Leu 140* 253 281 229 183 297 312
Leu-Gly-Phe 154* 182 211 239 332 360 417
Be-Gly-Gly 154* 182 211 239 268 296 270 327
P roB-Phe 70* 98 217 244 276
Phe-Val MSS* 287 315 263 231 331 289 346
Tyrc-Gly-Gly 218 303 360 376 334 121*
Tiy-Lvs 227 255 423 400 427 4S4 130*
His-Leu 178 221 350 81*
Lys-Val 237 336 364 381 338 395 154*
L vS-Tntc-G1u 237 414 442 585 532 559 616 1 2 1 *
Asp-Phe 170 345 376 162*
Gln-Gly 169 226 Ci 228 152*
Met-Phe-Gly 172* 404 215 420 378 435
Ser-Val 128* 227 255 229 2 S6
Thr-M et 142» 273 317 275 332














B Sequence ions represented are for the uncondensed proline peptide. 
c Méthylation of the phenolic group on tyrosine has taken place.
1
R1 R1 R1












XCHC0(NHCHC0)„NHCHC02CH3 +  PhN(CH3)2
Scheme 10
R1 =  amino acid side chains
R2 =  alkyl or aryl groups
X =  R2C H = N  or R2C0CH =C(R2)NH
of peptîde esters.
Of the - a Idehydes tested, pîvaldehyde was found to be the most 
suitable for our pyrolytic méthylation studies. The low boiling 
point of the aldehyde (b.p. 77-78°C) allowed the selective removal 
of any excess reagent present in the ion source, and the electron 
impact mass spectra of the resultant neopentyIidene peptide esters 
contained sufficient information to allow sequence assignment in each 
instance (Table-9).
The use of analogous aromatic Schiff base peptide condensates 
were not quite as suitable as pivaldehyde. Selective removal of 
excess aldehyde such as 4-dimethylamlnobenzaldehyde in the mass 
spectrometer was quite time consuming requiring in excess of 
twenty minutes before pyrolytic méthylation could be attempted. The 
peptide condensation with aromatic aldehydes took some six hours, 
whilst pivaldehyde condensation took about fifteen minutes. In
5 9
T a b l e  1 0 .  R e l a t i v e  a b u n d a n c e  o f  s e l e c t e d  i o n s  f o r
B e n z y l i d e n e  p e p t i d e  d e r i v a t i v e s
Sequence ion abundances < 10%'arc in bold, 10-50% in ita lic  and > 50% in ordinary type. The base
peak is indicated by *
X = n 4-CHR 4-CO 4-NH 4-CH R 4 - c o -1- x h — ch r4 - co 4 - och3
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Gly-Try* 118 3)8 346 104 ' 161 377 144*
Ab-Tyr” 132 309 104 175 368 121*
Ala-Val 132* 160 231 259 104 175 290
Val-Leu 160* 273 301 104 203 332
Leu-Gly-Phe 174 202 231 259 378 406 104* 217 437
Be-Ala 174* 202 245 274 104 217 304
Ser-Gly 148 251 104* 191 264
Ser-Val 130*° 229e 104 173e 288e
Thr-Gly-Gly 162 219 276 104 205 335 131*
Lys-Va] 277 305 376 404 104 435 174*
Met-Pbe-Glv 192 339 367 104* 235 455
Gln-Gly ■ 144D 246 274 104* 305
Asp-Phe J5SE 337 365 104 233 396 132*
TryB-Glu 261 404 104 463 144*
Pbe-Val 208 307 335 104* 366 121*
Tyr”-Gly-GIy 238 104 281 411
X =  p-Di-methylaminobenzylidene
Giy-Try* 161 148 204 144*
Ab-Val 175* 203 274 148 218 333
Ala-Tyr” 175 203* 148 218 411
Val-Leu 203* 316 148 246 375
Leu-Gly-Phe 217* 245 274 421 148 260 480
Be-Ala 217* 288 316 148 260 347
Se.'-Gîy 775e 276 14S* 289e
Thr-Gly-Gly 773e 244 e 316e 148* 360e
Phe-Val 251* 350 378 148 409
HisB-Leu 255 368 148 427 95*
Lys-Val 363 391 148* 406 521
Asp-Phe 233 261 380 408 148* 276 439
Gln-Gly 215° 300° 148* 258B 331B
Met-Ser 235 350 148* 278 381
X =  p-ChlorobenzylideneF
Val-Leu 195* 308 336 139 238 367
Ser-Gly 7 82 210 239 267 139* 298
TryB-Leu 295 139 338 467 144*
Glu-Glu 238 266 381 409 139* 281 440
Tyr®-Ala 272 300 343 139 402 121*
Lys-Val 206* 234 444 472 ì 39 249 503












CHj ^  
95
B These residues have undergone complete mcthylation of the phenolic group or the indole or 
imidazole nitrogen. c The ions shown are in the dehydro form. D lire  ions shown have undergone 
the loss of N H j. E The ions shown have undergone the loss of C H 3OH. F AJ1 selected ions rep­
resent the mass of the lower ni je for the Cl isotopic ratio.
addition, the e.î. spectra of aromatic Schiff base peptide 
condensates (Table-10) contained prominent ions (P)+ and (Q)+
due to cleavage of N - C bonds of the first and second amino 
acid residue (Diag.-7).
Dfa9«-7
These ions, not being sequence determining Ions (A+, B+) made
n n
Interpretation of the mass spectrum more difficult. Cleavage
j
P is only occasionally observed with the neopentylidene 
derivative, although ions corresponding to the loss of part 
of the protecting group are encountered (Table-9). Ions 
corresponding to cleavage Q are rarely observed and are usually 
of low relative abundance. The use of aldehydes for N-protection 
of peptides is not applicable to Pro or Hyp and we have found 
the mass spectra of the Arg condensates difficult to interpret.
The use of B-diketones for N-protection of peptides overcomes 
this limitation, as the condensation can be effected with all 
peptides regardless of their amino acid composition.
The pyrolytic esterification of acetylacetonyI, benzoylacetony 
and *,«,* - trifIuoroacetylacetonyI peptide TMPA salts yielded 
prominent Ions in the e.i. spectra due to cleavage of the amine
Table II. Relative abundance of selected Ions 
for Enamine peptide derivatives
Sequence ion abundances < 10% art in bold, 10-50% in ita lic  and > 50% in ordinary type. The base




peak is indicated by *
-CO-i-NH-j-CHR-j-CO-j-NH 
1 B 1 ^  A2 B2
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Peptide A l B l A2 b 2 A 3 B 3
pA Q M Base*
X =  AceMacetonyl
Gly-Gly-Gly 112* 140 197 226 43 285
Gly-Try m 140 43 357 130*
AJa-Pbe 126* 154 273 201 43 332
\ 72 l-Leu 154* 182 267 295 43 326
Vai-Tyrc-Val 154* 182 331 359 430 43 489 121*'
Leu-Gly-Phe 16S* 196 372 43 431
Be-Gly-Gly 168* 196 225 253 310 43 341
Pro-Gin 152* 380 308 43 322
Pro-Phe 152* 180 299 327 43 358
Hypro-Gly 368 225 43 284 150*
Phe-Val 202* 230 301 329 43 360
Ts^-Gly-Gly 232 289 346 43 275 405 121*
Tyr^-Try 232 418 446 43 477 121* 130*
Try-Glu 241 384 412 43 443 130*
His-Ala 192* 263 43 322
HLsc-Ala 206* 277 43 336
Lj’S-Val 265 364 43 423 166*
Arg-Glu 418 43 477 176*
Ser-Val 142* 170 269 43 300
Thr-Met 156 43 346 112*
Glu-Tyr0 198 403 43 434 121*
Asp-Pbe 1S4* 331 359 43 390
GIn-Gly 1 S3* 240 267 43 299
Met-Phe-Gly 186 214 390 418 43 449 138*
X = Benzoylacetonyl
Gly-Leu 174 287 315 105* 346
Be-AJa 230* 258 329 105 360
Leu-Gly-Phe 230* 258 287 305* 493 91*
Tiyc-Leu 317 345 458 105 489 144*
Hisc-Leu 268* 296 440
Tyrc-Ala 294 322 393 105 424 121*
Pro-Phe 214* 242 105 420
Phe-Val 264 363 105* 422
Arg-Glu 399 427 105*
SerD-Gly 186 243 271 105* 302
Glu-Glu 260 288 431 105* 462
LysE-Val 228* 355E 105 547 160*
Asp-Phe 214F 242F 371F 105 257r 420E
A Cleavage P may be complete or partial loss of the protecting group. B Base peaks:
c These residues have undergone complete mcthylation of the phenolic group or the indole or 
imidazole nitrogen. D Complete dehydration has occurred and sequence ions are in the dchydro form. 
E The ions indicated have undergone the loss of C6HsCOCH-C(CHJ)N H 3. F All ions shown have 
undergone the loss of CH^OH,
fragment (Diag.-8).
X —  COCH =
CH,
 C —  NH =  CHR
*  ~ ^ 6 ^ 5
!! O X u>
C A j t " C F 3
Diag.-8
These Ions are distinctive N-terminal tags and can be used as an 
unambiguous starting point in the search for the other sequence
ions (Bj, A^, • . . . . A^, B^). However, certain difficulties
have been encountered in the application and use of some of these 
protecting groups.
✓  •
The e. i. mass spectra of the benzoylacetonyI derivatives
(Table-1 I) was complicated by a prominent cleavage of part of the 
marker group as (PhCO)+. This ion was often the base peak and 
appreciably reduced the intensity of the sequence ions of the 
peptide. In addition, the removal of excess benzoyI acetone 
required some twenty to thirty minutes prior to volatilisation 
of the ester derivative. However, useful e.i. mass spectra were 
obtained from the trifIuoroacetylacetonyI peptide methyl esters 
(Table-12). Here some solubility problems were encountered when 
Ser peptide TMPA salts were derivatised with trifIuoroacetyI acetone, 
although in some cases this could be overcome by a gradual addition 
of the reagent over a period of time.
Of the compounds investigated, acetyI acetone was found to be 
the most useful reagent for N-protection and subsequent pyrolytic
Table 12. Relative intensities^ of Selected Ions for 
T r 1f 1uoroacetyiacetonyI Derivatives *
CH. A1 B1
CF3COCH C - NH - CHR f CO M H  -
B2 M
i « 1
CHR * CO r OCH •
J J 3J
Peptide V Bi A2 B2 M Base
Ala-Val .180 208 279 307 .3 3 8 ISO .
HIs-AIaa 260 288 331 359 390 95
Glu-Ala 252 280 351 382 192
Tyr-AIa 286 385 416 121
Va 1-Va i 208 236 366 208
Met-Ala . 240 268 317 370 192
G1y-Leu 166 279 307 338 154 .
Pro-Va1 206 234 305 333 364 206
Asp-Leu 238 379 410 153
Leu-GIy 222 307 338 222
Phe-Val 256 284 383 414 256
a . Sequence ions are shown in  the N-Methyl form as 60* Méthylation is
observed •
b . Sequence ion abundances : < 10% are in  bold, 10-50% in  i t a l i c ,
>50% in ordinaln/ ty p e.
méthylation. The condensation was readily effected with all
peptides regardless of the amino acid composition and Arg and
Lys were the only two amino acids to react with a second molecule
of acetyl acetone. Lys forms a di-Schifffs base, while the
guanidine side chain of Arg is converted to the much less polar
5-N-(2-pyrimi dInyI) ornithine system95»96. Acetylacetone has
been used for the N-protection and subsequent sequencing of over
120 peptides. In all these cases condensation and pyrolytic
méthylation could be induced readily. The only biproduct of the
reaction is as yet an unidentified self condensation product of
acetylacetone with prominent ions at m/e 225 and 326. Since
excess acetyI acetone and the biproduct are rapidly removed at
I00°C, the contaminent is of no great consequence. The e.i.
mass spectra of a selection of acetylacetonyI peptide methyl
esters (Table-1 I) shows very little cleavage of the protecting
+
group, the only ion of note is at m/e 43 (CH3C0) but this is 
usually of low relative abundance.
The sequencing of acetyIacetonyI peptide esters by e.i. 
mass spectrometry results in intense amine fragment ions (A1)+ 
which can be used as a starting point in the search for the 
other sequence determining ions. This ion falls at unique m/e 
values for all amino acids, with the exception of Leu, lie and 
Hyp (Tab le-13). It is frequently the most intense ion in the 
spectrum, except for N-termlnal Tyr, Trp, Lys and Arg which are 
generally of 10—20% relative abundance. Lys and Arg are further
Table 13. Character i stic N-Termlnal CA^H* Fragment Ions of 
AcetyIacetonyI Peptide Methyl Esters
N-TerminaI [A,]+ Fragment Other Ions used N-Terminai 0 1]+ Fragment Other Ions used
Amino Acid m/e for Identification (m/e) Amino Acid m/e for Identification (m/e)
Gly 1 12 Met 186 138, 124
Ala 126 His 192,206 81 , 95
Ser 142 112 Asp 184 152
Pro 152 Phe 202
Val 154 Glu 198
Thr 156 138, 112 Tyr 232 121
Leu 168 Trp 241,255 130, 144
lie 168 Lys 265 166
Hyp 168 150 Arg 275 176
Asn 169 152, 124 Gin 183 166, 124
6 6 .
characterised by intense Ions at m/e = A^ - 99 corresponding to 
cleavage of the C-N bond of the protected peptide. This cleavage 
is between the N - C bond for the Arg derivative, and the 
Ne - CG bond for Lys peptides. This ion is very characteristic 
for these residues, (for example, Fig.-3 of Lys-Val), and can be 
used for the identification of the N-terminal amino acid residue. 
For some peptides, partial loss of the side chain is observed 
with N-terminal Met, Ser, Thr, Asp and Glu. Some larger Ser and 
Thr peptides tend to dehydrate at higher probe temperatures, whilst 
Gin and Asn may lose NH^, thus making recognition of these residues 
in the N-terminal position more difficult. His, Trp, Phe and Tyr 
peptides show some elimination of the side chain as ArCH2+ or 
ArCH2, but these cleavages can be used to confirm the presence of 
these residues. Cys Cys derivatives undergo S-S bond rupture 
accompanied by hydrogen transfer97.
Bacon et.al. have utilised acetyI acetone ethyl ester 
derivatives for the sequencing of peptides of 2-10 residues, but 
have found the volatility to be affected by amino acid composition 
and peptide chain length. We have obtained similar results with 
acetyIacetonyI peptides utilising the pyrolysis procedure for 
esterification. The derivative of AI a-Leu-A I a-Va I --GI y~ AI a-Phe gave 
a readily lnterpretable mass spectrum with the necessary sequence 
ions (Fig.-4), but the derivative of glucagon (residues 21-29) 
Phe-Val-GIn-Trp-Leu-Met-Asn-Thr of similar size but with a number
Fig. 3. Acetylecetonyl Lya-Val Methyl Ester.
i m p  ..
£50,0 _ PhN( CH3 ) 2
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of polyfunctional amino acids, had low volatility and gave low 
abundant ions, allowing identification of only the first four 
residues. Although this approach to peptide sequencing is • 
rapid and allows identification of all residues (with the exception 
of Leu/Ile), it is of course limited by the volatility of peptide 
derivatives. To overcome this limitation of volatility, a combination 
of a mass spectrometric and an enzymatic approach was sought. By 
a suitable enzyme degradation of a polypeptide it was hoped to 
generate a mixture of smaller peptides. Peptide mixtures have 
been successfully identified by mass spectrometry3®*33/10® and
hoped to apply our derivatisation procedure to identify the 
component peptides in these mixtures.
F. THE MASS SPECTROMETRIC IDENTIFICATION OF PI PEPTIDE MIXTURES 
OBTAINED FROM DIPEPTIDYLAMINOPEPTIDASE-I HYDROLYSATES
It has been shown previously that the enzyme Dipeptidylaminopeptidase
-I (DAP-I), also known as Cathepsin C hydrolyses a polypeptide from
the N-terminal end to give a mixture of dipeptides101. The potential
of DAP-I for the sequencing of polypeptides has already been
demonstrated on polypeptide hormones such as, 3-corticotropin,
angiotensin II, glucagon, secretin, and the A and B chains of
oxidised bovine insulin101*102*103. The published approach for the 
sequencing of a polypeptide by this route involves the treatment of
a polypeptide with the enzyme to give a mixture of dipeptides. This
is then followed by the separation and identification of all the





amino acid residue of the polypeptide Is removed by the Edman 
procedure15 or alternatively an amino acid Is coupled to the 
N-terminal residue of the polypeptlde10**. A further DAP-I 
digest of the modified peptide then leads to a new set of dipeptldes. 
As the N-terminal amino acids of all the dipeptides obtained from 
the original polypeptide become C-termlnal amino acids in the 
modified dipeptide mixture, the identification of the dipeptides 
in the two mixtures can be used to reconstruct the amino acid 
sequence of the polypeptide105. The sequence determination is 
made very much more difficult by the repetition of a specific 
amino acid residue or peptide unit in the polypeptide. In 
addition, the action of the enzyme is limited by its inability 
to remove dipeptides with an N-terminal Arg or Lys and its 
inability to cleave the bond on either side of Pro residues.
The presence of an amino-terminaI Lys or Arg residue can be 
avoided by using only Trypsin generated peptides as substrates.
With these substrates Pro residues still constitute an obstruction, 
but this can sometimes aid in the interpretation of the dipeptide 
mixture102. Since the Pro residue provides a complete stop, the 
remaining polypeptide containing Pro in the second or third 
position can be degraded further by the Edman reaction to provide 
a fresh start for the enzyme and a new set of dipeptides. Despite 
these limitations, the method has been shown to be of value for 
the sequencing of tryptic oligopeptides .
The experimental approach taken by other investigations has 
been to separate the dipeptides from one another by either liquid
chromatography101 or electrophoresis105 and then to identify each
of the dipeptides by comparing their Rf values with that of a set 
of dipeptide standards. An alternative method has made use of 
dansylation of the mixture followed by separation of the dansyl 
dipeptides107. Here the identification of the N-terminal amino 
acid of each purified dipeptide derivative could be made by hydrolysi 
and subsequent separation of the dansyl amino acids by thin layer 
chromatography. The C-terminal amino acid of each dipeptide could 
also be identified if the above hydrolysate was dansylated and 
chromatographed in the same way. The dipeptide mixtures have 
also been derivatised and separated by gas chromatography10°*10  ̂
and the components have been identified by mass spectrometry. 
Unfortunately, many of the 441 possible dipeptides, derivable from 
the 21 protein amino acids, cannot be made sufficiently volatile 
for gas chromatography and thus a complete sequence determination 
by this method is rarely possible110. To fully utilise the potential 
of the DAP-I digestion for peptide sequencing, an unequivocal 
identification of the component dipeptides of a DAP-I digest without 
prior separation of the mixture is desirable.
The e.i. mass spectra of acetylacetonyI dipeptide methyl ester
derivatives can be used for this purpose. These mass spectra almost
always contain the amine fragment ion , and thus the N-terminal
amino acids of the component dipeptides from a DAP-I digest can be
identified. Similarly, the C-terminal amino acid residues can be
+
determined from the difference in molecular weight between the CM)* 
and the (Ax)+ fragment. Unfortunately, the e.i. spectra of these
Table 14. The c.i. (Isobutane) mass spectra of ACA-d1peptide methyl esters
Compound
[MH]+ Ion Other Ions
m/e Intensity® m/e Intensity m/e Intensity
ACA-Pro-Phe-OMe 359 100
ACA-Gly-Leu-OMe 285 100
ACA-G1y-Ty r-OMe 349b 100
ACA-G1u-G1u-OMe 40 lb,c 83 369 17
ACA-T rp-T rp-OMe 515b,c 20 501 51 487 29
ACA-Arg-G1u-OMe 487b 91 492 9
ACA-Hyp-G1y-OMe 285 100
ACA-H i s-Leu-OMe 365 50 379c 50
ACA-Lys-Vai-OMe 424 100
ACA-Asp-Phe-OMe 39 iC 23 359 77
ACA-Met-G1u-OMe 389b 100
ACA-Thr-Met-OMe 347 - 32 9d 100
ACA-Ser-Val-OMe 301 100
ACA-G1n-G1y-OMe 300 77 3I4C 8 283 15
ACA-T rp-Leu-OMe 414 27 428C 74 .
ACA-Asp-Val-OMe 343C 47 31 1 . 53
All intensities are quoted as a percentage of the total ion current summed above m/e 130. All Ions 
containing 13C are combined with the correspond Ing 12C Ions for the purposes of this calculation. 
Intensities of less than \% are not reported.
bMethylation of the side chain of the C-terminal amino acid has occurred. 
cMethylation of the side chain of the N-terminal amino acid has occurred, 
side chain hydroxyl group has been lost as water.
compounds show low Intensity molecular Ions and an unequivocal 
identification of the component dipeptlde (M)* Ions In a mixture 
is difficult. This problem has been overcome by the use of 
chemical ionisation (c.i.) mass spectometry, a technique first 
demonstrated by Munson and Field in 1966***. The exact machanism 
of the ionisation and the nature of the product ion depends upon the 
reactants and the conditions used, but in all cases the (MH)+ ions 
are of greater intensity in c.i. mass spectometry than the (M)t ion 
is In e.i. mass spectometry. For this reason, the c.i. (Isobutane) 
mass spectra of acetylacetonyI methyl esters were recorded and it 
was shown that under these conditions all the dipeptide derivatives 
gave large protonated molecular ions (Table-14). The only other ions 
noted in some cases, were those formed by the loss of water or 
methanol from the protonated molecular ion. The loss of water was 
important in the c.i. mass spectra of Ser and Thr containing peptides, 
while the loss of methanol appeared to be more facile in the cases of 
Asp containing peptides than with the corresponding Glu peptides. The 
terminal carbomethoxy groups of the acetylacetonyI dipeptide methyl 
esters were stable under these conditions.
However, the c.i. (isobutane) mass spectra by themselves were 
not sufficient for the identification of acetyIacefonyl-dipeptide 
methyl esters, because they only show the protonated molecular ion 
of the dipeptide. On the other hand, the e.i. mass spectra taken 
alone were also inadequate, because the low intensity molecular 
ions were difficult to identify and only the N-terminal amino acids
Fig. 5 and 6. C. 1. and ©.!. mass spectra of a mixture of AcetylacetonyI dlpeptlde 
methyl esters. • -
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Fia-6 E-* nnass spectra of a mixture of ACA-dipcpude methyl esters taken at various probe temperatures. tMon formed by the loss of MeOH from 
. the [MHJ* ion. **lon fotmed by the mcthylation of the neutral molecule.) '
of the dipeptide mixture could be positively identified from the 
intense N-terminal fragment ions (A1>+ . For example, the c.1. 
(isobutane) mass spectra of the acetylacetonyI methyl ester 
derivatives of a synthetic dipeptide mixture (Fig.-5) gave the 
following ions at m/e: 327, Val-Leu (MH)+; 391 Asp-Phe (MH)+;
359, As"-Phe (MH)+ - (CHjOH); 365, HIs-Leu (MH)+ ; 379, (N-Me)
HIs-Leu (MH)+ ; 511, Lys-Trp (MH)+ . The e.l. mass spectra of the
same mixture (Fig.-6) contained the (Aj)+ fragment ions of the 
dipeptides, and these were found to be at m/e: 154, VaI (Aj)+ ;
184, Asp (A )+ ; 192, His tAj)*; 206, (N-Me) His (A^*;
166, Lys (Aj - 99)+ . These N-terminal amino acid residues were 
matched with the MH+ ions from Fig.-5, by making use of the relative 
volatility of the dipeptide components. For example, the most 
volatile compound present, the derivative from Val-Leu had a 
protonated molecular Ion at m/e 327 and a (A^) fragment ion 
at m/e 154. The least volatile component, the derivative of 
Lys-Trp provided the last prontonated molecular ion and N-terminal 
fragment to appear at m/e 511 and 166 respectively.
This procedure had obvious application to the identification 
of dipeptide mixtures from DAP-I digests, but since the condensation 
of the peptide-TMPA salts with acetylacetone was slow, requiring three 
to six hours, it was more convenient to exploit the faster 
condensation reaction of ethylacotoacetate with amino groups112, for 
jna I protection. This condensation was effected in thirty 
minutes at 70°C and with two exceptions (Lys, Arg) all dipeptide
7 6 .
salts reacted only with one equivalent of ethyIacetoacetate.
(Scheme-II). Lys and Arg dlpeptides reacted with a second equivalent
c 2 h 5 o o c c h 2 c o c h 3  +  h h 2 c h r c o n h c h r c o o x
Scheme - 11
of ethyIacetoacetate to form an e-ethoxycarbonyIpropenyI derivative 
I, or a ô-N-3-methyl-5-hydroxy-2-pyrimidyI ornithine derivative II, 
respectively113 (Diag.-9). The non volatile N-protected dîpeptîde salts 
were introduced into a mass spectrometer via a direct insertion probe.
At temperatures in the range of 80-ll0°C dîmethylanîIîne was 
evolved with concomitant formation of the ethoxycarbonyIpropenyI
j .  '
d!peptide methyl ester (Scheme-12).
CH, R CHn R














As expected, the side chain functional groups of Tyr, Asp and Glu
were completely methylated, whilst Trp and His were incompletely
♦  C2 H5 00CCH = CHHCHRCOUHCHRCOOX +  H2 0
CH3 CH3
1 _ + I
C2H500CCII = CNHCHRCOMHCHRCOOPhN(CH3) 3 ------ — ------* C2H500CCH = CNHCHRC0NHCHRC00CH3 + PhN(CH3) 2
Scheme -  12
product of the reduction and carboxymethylation of proteins111* and 
the Arg derivative II were also completely methylated by this process.
To further simplify the handling procedure and to reduce sample 
requirements, the use of only one mass spectrometer operation was 
desirable. For this purpose, the c.i. mass spectrometry of these 
compounds with different reagent gases88*111#115*116»117#118 such 
as hydrogen, helium, argon, methane and isobutane was investigated.
It was hoped that (MH)+ ions and N-terminal fragments of 
roughly equal intensity would be obtained with a suitable reagent 
gas. As expected, isobutane produced predominently (MH) ions and 
very little fragmentation. Methane was more energetic, but the 
appearance of ions 26 amu and 40 amu higher in mass than the 
protonated molecular ion, was an undesirable feature of this reagent 
gas, as it could lead to difficulties in the interpretation. The c.l. 
fragmentation by hydrogen and the spectra produced by argon were very 
similar, with intense N-terminal fragment ions and protonated molecular 
ions being obtained in both cases. The spectra obtained with helium 
(industrial grade), at pressures of between 0.8-1.00 torr gave the 
most desirable fragmentation characteristies for these peptide 
derivatives, as these spectra had intense N-terminal fragment ions
m eth y la te d  In th e  r in g .  C arboxym ethy lcys te lne  (CmC) re s id u e s , the
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m/eb Intensity® m/e 1ntensi ty m/e 1ntens1ty m/e Intensity m/e Intensity
Gly-Ala M2 100 273 83
Ala-Hyp 156 94 329 100 310 3
Yal-Pha 164 62 391 100 345 5
Leu-Met 198 100 389 50
lle-Ala 198 100 329 75 283 13
Pro-Ya1 182 100 341 93
Hyp-Gly 198 47 315 100 180 15 297 14 269 12
O C C-Asn 260 It 434 94 417 100 310 38.9 154 44
TyrC-Arg^ 262 22 558 66 252 6.0
ArgC-Leu 192® 100 494 60 508 18 321 9 349 9.2
Phe-^e 232 65 439 100
HIsC-A!a 236 38 367 100 222 50 353 25
Ser-Ala 172 45 303 50 154 25 185 100 271 25
Thr-Lys 186 75 486 60 168 100 468 25
Lys-AI* 196® 100 456 74 325 32 279 • 21 410 32
Met-Aspd 216 100 405 63
G 1 n—T rp 213 100 473 60 459 50 196 40
Asn-Thr 199 100 360 88 343 25 342 25 182 25
TrpC-w«t 285 58 476 96 271 38 462 100
AspC-Ptve 2 M 100 421 90
Glu^Hyp 228 100 401 22 383 4
(a) Intensities are quoted as a oe^entage of the base peak (1001) calculated for ions greater than 
«/• MO. All Ions containing JC are combined with the corresponding 2C Ions for the purposes 
of this calculation. Intensities of less than i f  are not reported.
(b) All m/e values shown are for the most abundant Isotope for each of the elements present.
(c) Methylatlon of the side chain of the N-tcrmlnal amino acid has occurred.
(d) Mothylation of the side chain of the C-termlnal amino acid has occurred.
(e) The Ions Indicated are at CA,1+ -129.
79.
and a protonated molecular Ion of almost equal Intensity (Table-15). 
It Is probable that the formation of (MH)+ Ions was caused by a 
proton donor such as H^0+ (from water present In the helium as an 
impurity) or the anlllnlum ion (from the dlmethylani11ne present 
in the source). The spectra (hereafter referred to as c.l.) almost 
always contained an intense ion (Ax)+ (Dfag.-IO) which allowed 
identification of the N-terminal amino acid of the dipeptide.
C H OOCCH = C - NH = CHR (A )+2 5 1
Diag«~iO
These ions had unique m/e values for all amino acid residues, with 
the exception of Leu, lie and Hyp. In the case of N-terminal Tyr,
Trp, CmC, Lys and Arg, the intensity of (AJ)+ is usually 10-20? of 
the molecular ion intensity, but the presence of an N-terminal Lys or 
Arg can be confirmed by Intense ions at (Aj - I29)+ (A^ - (NH2C(CH3) 
CHCOOC2H5). Ions resulting from other processes were used to confirm 
the presence of certain amino acids. These were, the loss of water 
from Ser, Thr and Hyp, the loss of methanol from Ser, Glu and Asp, 
the loss of ethanol from Thr, the loss of ammonia from Gin and Asn, and 
normal amino acid side chain cleavages. In addition, the loss of 
ethanol from the N-protecting group and the presence of low intensity 
Quasi molecular ions due to the addition of dlmethy lani I ine were also 
observed.
In an effort to simplify the matching of N-terminal ions with 











Fig. 7 c.i, (Helium) Mass Spectrum of Ethoxycarbonylpropenyl Ala-Glu 
Dimethyl ester obtained by Pyrolytic Esterification,
3
70
hydroxide (DTMPAH) (Diag.-ll) was used In place of TMPAH. In this 
way pyrolytic esterification yielded labelled protonated molecular 
ions and the residues of Trp, His, Tyr, Arg, CmC, Asp and Glu were 
labelled in their side chains. In this case, every methyl group 
that is subsequently transferred from this reagent to the dipeptide 
is 6 6 % CHg and 33% CD^. Thus, any ion which contains one methyl 
will appear as a (2:1) doublet separated by 3 amu and any ion which 
contains two methyl groups will appear a (4:4:1) triplet spaced 3 
amu apart and any ion which contains 3 methyl groups will appear 
as an (8:12:6:1) quadruplet spaced 3 amu apart. If the (A1)+ ion 
in the mass spectrum of the same dipeptide appears as a (2:1) doublet, 
then one of these polyfunctional amino acids must be in the N-terminal 
position. If, however, the (A^+ ion is a singlet, then both of the 
additional methyl groups are associated with the C-terminal amino 
acid (Fig.-7). The c.i. (helium) mass spectra of ethoxycarbonyIpropenyI 
dipeptide methyl esters were quite simple and thus it was possible to 
deal with mixtures of dipeptides without a prior separation setp. All 
that was normally required was to derivatize the sample with 
ethyIacetoacetate and DTMPAH and to record the c.i. (helium) mass 
spectrum of the mixture at different probe temperatures.
The application of the DAP-I technique to polypeptide sequencing 
required a second hydrolysis on the des N-terminal amino acid 
polypeptide. In these experiments the Edman procedure with mefhyl
TABLE 16. Computer Generated Listing of the Protonated Molecular Ions and the N—terminal Amino Acid 
Residues of the Bthoxvcarbonylpropenyl methyl Ester Derivatives* of the Possible Dipeptides»
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+Trpf His, Tyr, Arg are shown only for the N-methyl derivative.
83.
isothiocyanate was used to form the modified peptide and the N-terminal 
amino acid was Identified as the methyl thlohydantoln by c.I. 
(isobutane) mass spectrometry2®.
The enzyme and the buffer salts used In the hydrolysis of the 
polypeptide interfered with the derivatization and subsequent mass 
spectrometric identification. A centrifugation through an Amicon 
CF50A Centriflo membrane*®® followed by a purification through a 
short ion exchange column (Dowex 50W, H+ ) reduced this interference.
The recovery of model peptides after this purification step was in 
excess of 95? for the neutral, 83? for the basic and 75? for the 
acidic dipeptides. DAP-I digests have been carried out on as little as 
20 nmole of polypeptide, but as some dipeptides such as CmC-Asn yield 
only low intensity (A1>+ fragment ions (10-20?), it was found more 
desirable to use at least 0.1 pmole. It was found most convenient 
to do both DAP-1 hydrolyses in parallel. After derivatisat ion and 
mass spectrometry the original polypeptide sequence could be 
reconstructed from the knowledge of the identity of the Edman 
derivative and the dipeptides in the two mixtures. This was most 
conveniently done with a computer generated listing of the (MH)+ ions 
and the N-terminal amino acid residues of the possible dlpeptides 
(Table-16) using the following Scheme:
Step I. Record the ions and their isotope ratios in the region 
259 to 630 amu of the two mass spectra and use Table-16 to make a 




Table 17. Characteristic Ions for the Identification of N-Tormlnal and C-Termlnal Amino Acids.______________________ _










Giy 142 202 2:1 187 131
Ala 156 216 2:1 201 145
Va 1 184 244 2:1 229 173
Leu 196 258 2:1 243 187
lie 198 258 2:1 ,243 187
Hyp 198 180 [A]+-(H29> 258 2:1 243 187
Ser 172 154 [a ]+-(h20) 232 2:1 217 161
Thr 186 168 [a ]+-(h20) 246 2:1 231 175
141 [A]+-(CH3CH0H)
Asp 214 2:1 182 [a ]+ -(c h3o h ) 274 4:4:1 259 189
Glu 228 2:1 280 4:4: 1 273 203
Asn 199 182 Ca]+-(n h3) 259 2:1 244 168
Gin 213 196 [a]+-(n h 3) 273 2: 1 258 202
Phe 232 292 2:1 277 222
Tyr 262 2:1 322 4:4: 1 307 237
Trp 285 2:1 271 (unmethylated) 345 4:4:1 330 260
His 236 2:1 222 (unmofhy iated) 296 4:4:1 281 211
Lys 196 325 CA]f 385 2:1 370
Arg 192 2:1 321 [A]f(2:D 381 4:4; 1 366
Cys 188 248 2:1 233 178
CmC 260 2:1 154. Ca3+-(hsch2 320 4:4:1 305 236
c oo ch j)
Pro 182 242 2:1 227 171
Mot 216 199 CaD+-(sch3) 276 2: 1 261 205
142 CaD+-(c h2)2sch3
Step__2. Identify the N-termlnal residues in the two mixtures 
by locating all the (Aj)* ions in the region 142 to 322 amu in 
the two spectra. They will have even mass numbers except if 
N-termlnal Asn, Gin, Lys, Arg and Trp are present. The (A^* 
ions normally appear as single peaks or as (2:1) doublets 
separated by 3 amu if N-terminal Asp, Glu, His, Trp, Arg, Tyr or 
CmC are present. All dipeptides in the list generated in Step I 
which do not contain an N-terminal amino acid in the list 
generated here, should be excluded as possibilities.
Step 3. An attempt can now be made to match (A^* with (MH)+ 
ions on the basis of isotope ratios. In addition the amino 
acid composition of the polypeptide should now be used to firm 
up the list of dipeptides in the mixtures. If this is not 
available, the relative volatility of the components of the 
dipeptide mixtures can sometimes be used to associate (Ax)+ and 
(MH)+ ions for the most volatile or involatile component.
Step 4. Identify the C-terminal amino acid from its (MH)+ ion 
in one of the mass spectra of the two dipeptide mixtures (Tabie-17). 
It will be located in the range 202 to 381 amu. Identify the 
N-terminal amino acid of the polypeptide from the c.i. (isobutane) 
mass spectrum of the Edman derivative (Table-17).
Step 5. Further reduce the number of possible dI peptides In the 
mixtures by matching the two peptide lists and reconstruct the 
polypeptide sequence by overlapping the dI peptides In the two 




















dtpeptide In the first mixture corresponds to an N-termlnal amino 
acid in every dipeptide In the second mixture.
The above technique has been used to sequence the following 
peptides and peptide amides: Ser-Gly-Ala-Gly-Ala-Gly; Asp-Glu- 
Leu-Thr-Lys; GIu-Leu-Th r-Lys-e-methyIthIoca rbamyI; AIa-AIa-AIa-AIa; 
Met-Phe-Gly; Phe-Val-GIn-Trp-leu-Met-Asn-Thr; Phe-Gly-Gly-Phe;
Met-GIy-Met-Met; Ala-Phe-Gly; Val-Leu-Ser; Gly-Leu-Tyr; Phe-Phe- 
GIy-Leu-Met.NH ; GIy-Leu-Met.NH: Leu-Met.NH ; Val-Phe.NH :
z 2 2 2
T rp-Met-Asp-Phe.NH2; T rp-Met-GIy-Asp-Phe.NH^.
The identifying ions for the dipeptide mixtures from each 
peptide and its des N-terminal peptide are tabulated in the 
experimental (Section-F). However, the following examples have 
been selected to demonstrate the method and to highlight a number 
of problems which have been encountered.
Example I describes the application of the method to the 
sequencing of an octapeptide. In this case the dipeptide mixture 
' derived from the DAP-I hydrolysis of polypeptide-I yielded the 
following ions (Fig.-8) in the region 259 to 630 amu which were 
matched with possible (MH)+ ions.
m/e Isotope Ratio Poss ible Dlpeptides
473 (4:4:1) Gln-Trp, Trp-GIn, His-Tyr, Tyr-His
459 (2:1) Asn-Trp, Trp-Asn
456 (4:4:1) Ala-Lys, Lys-Ala
442 (2:1) Pro-Trp, Trp-Pro, Gly-Lys, Lys-Gly




Leu-Met, Met-Leu, Thr-Glu, Glu-Thr, Pro-Phe 
Phe-Pro, Ile-Met, Met-Ile, Hyp-Met, Met-Hyp 
Asn-Asp, Asp-Asn
Asn-Thr, Thr-Asn, Ser-Gln, Gln-Ser 
Pro-Thr, Val-Val, Thr-Pro 
no match
the region 142-322 amu produced the following
Pro 
Lys




Since Asn and Gin have been identified, the ions at m/e 182 and 196 
could also be due to Asn-(NH3) and Gin-(NH3> respectively. After 
matching ions and isotope ratios in the two lists a large number of 
the dipeptide possibilities could be eliminated. For example, the 
isotope ratio (4:4:1) of the ions at m/e 473 was not compatible with 
the expected isotope ratio (8:12:6:1) for the (MH) ions of His-Tyr, 
Tyr-His, the ratio of the ion at m/e 456 (4:4:1) did not fit the 
assignment of AI a-Lys and Lys-Ala which should be (2:1) and the 
Isotope ratio of (2:1) at m/e 459, 442, 39i and 389 were not 
compatible with that expected for the (MH)* ion of Asn-Trp, Trp-Asn, 
Pro-Trp, Trp-Pro, Cys-Glu,G!u-Cys, Ala-CmC, CmC-Ala, Thr-Glu, Glu-Thr 
Asn-Asp, Asp-Asn which should be (4:4:1). Finally, the absence of 
an (Ax)* ion for N-terminal Trp, Gly, Met, Thr, Ser and Val was used 
to eliminate Trp-Gln, Gly-Lys, Met-Leu, Val-Phe, Thr-Asn, Ser-GIn,





A search for ions in 






















Thr-Pro and Val-Val so that the list of dlpeptides could be 










On the basis of the amino acid analysis of the polypeptide Phe (1.0), 
Val (0.97), Glx (1.01), Trp (not determined), Leu (1.03), Met (1.00), 
Asx (1.00) and Thr (1.00) the Pro, Lys, Hyp, lie and Ser in the 
above list could be eliminated and the dipeptide possibilities in 
mixture I could be reduced to: m/e 473 Gln-Trp; 391 Phe-Val;
389 Leu-Met; 360 Asn-Thr and the ions for which no match could be 
found previously could be identified as m/e 459 (2:1) Gln-Trp 
(unmethylated; 456 (4:4:1) Gln-Trp-(NHg); 442 (2:1) Gln-Trp
(unmethylated-NH^); 343 (2:1) Asn-Thr-(NH^); 342 (2:1) Asn-Thr-(H^0)
In a similar fashion the dipeptide mixture generated from the 
modified polypeptide yielded the following dipeptide possibilities 
and N-terminal residues. (Fig.-9)
m/e Isotope Ratio Possible PI peptides
458 (4:4:1) Trp-Leu, Trp-Ile, Trp-Hyp, Leu-Trp, Ile-Tr
Hyp-Trp
Trp-Val, Val-Trp444 (2 : 1)
m/e Isotope Ratio Possible Dipeptides
390 (2:1) Met-Asn, Asn-Met
373 (2:1) Asn-Asn, Val-Asp, Pro-Met, Asp-Val, Met-Pro
372 (2:1) Val-GIn, Leu-Asn, Hyp-Asn, 11 e-Asn, Gln-Val
Asn-Leu, Asn-Hyp, Asn-Ile ■
355 (2:1) Pro-Leu, Pro-lie, Pro-Hyp, Leu-Pro, 11e-Pro
Hyp-Pro -





246 (2:1) no match
271 (Singlet) no match
285 (2:1) Trp
After matching the ions and the isotope ratios in the two lists, the 
isotope ratio of (2:1) at m/e 444 and 373, were not compatible with
the expected isotope ratio (4:4:1) of Trp-Val, Val-Trp, Asp-Val,
Val-Asp and these dipeptides could be eliminated. The absence of
(A1)+ ions for Leu, lie, Hyp, Asn, Pro, Gin was used to remove
Leu-Trp, Ile-Trp, Hyp-Trp, Asn-Met, Asn-Asn, Pro-Met, Leu-Asn,
Hyp-Asn, Ile-Asn, Gln-Val, Asn-Leu, Asn-Hyp, Asn-Ile, Pro-Leu,
Pro-lie, Pro-Hyp, Leu-Pro, Ile-Pro and Hyp-Pro from the list.
On the basis of the amino acid analysis Trp-Ile, Trp-Hyp could
also be eliminated and the list could be reduced to: m/e 444 Trp-Leu
(unmethylated); 373 Met-Asn-(NH^) and 355 Val-GIn-(NH^).
Finally, the C-termlnal amino acid in mixture 2 could be
Identified as Thr from Its (MH)+ ion at m/e 246 (2:1), and Ions
vON)
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at m/e 228 Thr-d^O) and 186 C (A^) , Thr] and the N-termf naI amino 
acid was shown to be Phe from the c.i. (isobutane) mass spectrum of 
the Edman derivative (MH)+ of m/e 222.
From the above information the dipeptides in the two mixtures 
could be overlapped;
Mixture i. Phe-Val, Gln-Trp, Leu-Met, Asn-Thr 
Mixture 2. Val-GIn, Trp-Leu, Met-Asn, Thr
and the polypeptide sequence could be identified as:
Phe-Va i-GIn-Trp-Leu-Met-Asn-Thr.
Example 2 illustrates the application of the procedure to the 
sequencing of a polypeptide which contains a repeated dipeptide 
unit. Because the method relies only on the identification of 
the (A1>+ and the (MH)+ ions of the dipeptide mixtures, a replication 
of a peptide sequence in the polypeptide is difficult to detect; 
unless some degree of quantitative measurement is attempted. In 
some cases this problem can be overcome if an amino acid analysis of 
the polypeptide is available. For example, the mass spectrum (Fig.-I 
of the DAP-I digest of Ser-GIy-Ala-Gly-AIa-Gly yielded the following 
dipeptide possibilities and N-terminal residues.
m/e Isotope Ratio Dipeptide Possibilities
289 (2:1) Gly-Ser, Ser-GIy
273 (2:1) Gly-AIa, Ala-Gly
243 (2:1) no match
227 (2:1) no match
172 (Singlet) Ser
156 (Singlet) Ala
After matching the ions, Gly-Ser (m/e 289) and Gly-Ala (m/e 273) 





and the ions for which no match could be found were identified 
as Ser-Gly-(C2H50H), m/e 243 and Ala-Gly-(C2H50H), m/e 227.
On the basis of the amino acid analysis of the peptide Ser (0.96) 
Gly (3.01) and Ala (2.03), the presence of a second Ala-Gly unit 
in mixture I was indicated. The ions generated in mixture 2 
(Fig.-II) yielded the following possibilities: 
m/e Isotope Ratio Possible Dipeptides
273 (2:1) Gly-Ala, Ala-Gly
227 (2:1) no match
202 (2:1) no match
142 (Singlet) Gly
After matching of these ions Ala-Gly (m/e 273) could be eliminated
and the dipeptide present was identified as Gly-Ala (rn/e 273).
On the basis of the amino acid analysis of the original polypeptide
two Gly-Ala residues are present in mixture 2 and the ion at m/e
227 was identified as Gly-Ala-(C2H50H). The Oterminal amino acid 
in mixture 2 was shown to be Gly m/e 202 (2:1) and the N-terminal
amino acid was identified as Ser [(MH)+ m/e 161] from the mass
spectrum of the Edman derivative.
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Mixture I. Ser-Gly, Ala-Gly, Ala-Gly 
Mixture 2. Gly-Ala, Gly-Ala, Gly
and the sequence was identified as:
Ser-GIy-AIa-GI y-A Ia-GIy.
Example 3 highlights an obvious practical problem which arises 
from the application of the procedure to the sequencing of tryptic 
peptides, since the use of the Edman degradation may partially block 
the e-amino group of a C-terminal Lys residue. Our experiments 
indicated that the DAP-I hydrolysate of the modified peptide may 
contain both the Lys dipeptide and its e-methyIthiocarbamyI Lys 
(e-MTC-Lys) dipeptide which can be identified from its mass spectrum.
The DAP-I hydrolysate of such a polypeptide (Fig.-12) yielded the following
(MH)+ and (Aj)+ ions at:
m/e Isotope Ratio Possible Dipeptides
417 (8:12:6:1) Asp-Glu, Glu-Asp, Pro-CmC, CmC-Pro
385 (2:1) Pro-GIu, Glu-Pro
359 (2:1) Thr-Leu, Thr-Ile, Thr-Hyp, Ala-Glu,
Leu-Thr, lie,-Hyp, Hyp-Thr, Glu-Ala
341 (2:1) Pro-Va1, Va 1-Pro
325 (Singlet) Lys
256 (2:1) no match
214 (2:1) Asp
198 (Singlet) Leu, lie, Hyp
196 (Singlet) Lys-(129)
After matching the ions and the isotope ratios in the two lists,
the Isotope ratio of (8:12:6:1) at m/e 417 was not compatible
with the expected isotope ratio (4:4:1 ) of Pro-CmC, CmC-Pro and














the ratio of (2:1) at m/e 385 and 359 were not in agreement with the 
expected ratio of (4:4:1) for Pro-Glu, Glu-Pro, Ala-Glu, Glu-Ala.
The absence of (Aj) ions for Glu, Thr, Pro and Va I was used to 
eliminate Glu-Asp, Thr-Leu, Thr-Ile, Thr-Hyp, Pro-Val and Val-Pro. 




359 Leu-Thr, Ile-Thr, Hyp-Thr
341 no match
The Ions for which no match could be found were Identified as: 
m/e 385 Lys and 34I Leu-Thr-(H20), Ile-Thr-(H20), Hyp-Thr-(H20).
On the basis of the amino acid analysis of the polypeptide,
Asx(I.OO), Glx(I.OI), Leu(I.OI), Lys(l.03) and Thr(I.OO) the list 
of possibilities in mixture I could be reduced to Asp-Glu (m/e 4I7), 
Leu-Thr (m/e 359) and Lys (m/e 385).
The dipeptide mixture generated from the modified polypeptide
(Fig.- 13) gave the fol lowîng dipeptîde and (A^+ possibi I îtîes:
m/e Isotope Ratio Possible Di peptides
486 (2:1) Thr-Lys, Lys-Thr
468 (2:1) no match
442 (2:1 ) GIy-Lys, Lys-Gly, Pro-Trp, Trp-Pro
423 (2: I) no match




168 (Singlet) no match
After matching the isotope ratios of the two sets of ions the 
(2:1) ratio at m/e 442 was not compatible with Pro-Trp, Trp-Pro 
(4.4.1) and the (4:4:1) ratio at m/e 401 was not In agreement 
with the expected (2:1) ratio for Gln-GIn. The absence of (Â )"̂  
ions for Lys, Gly, Leu, lie, Hyp could be used to remove Lys-Thr, 
Gly-Lys, Lys-Gly, Leu-Gin, Ile-Glu and Hyp-Glu from the list of 
possible dipeptldes. On the basis of the amino acid analysis 
of the polypeptide the lists of dipeptides in mixture 2 could 
be reduced to Thr-Lys and Glu-Leu and the ions for which no 
match could be found were identified as: m/e 468, Thr-Lys-(H20);
442, Thr-Lys-e-MTC; 423, Thr-Lys-e-MTC-(H20) and 168, Thr [(A^* - 
(H20)D. The dipeptide components of the two mixtures were overlapped 
on the basis of the c.i. (isobutane) spectra of the Edman derivative 
Asp C(MH)+ at m/e 189] and the identification of the C-terminal 
amino acid as Lys C(MH)+ at m/e 385 (2:1)] in mixture I and the 
sequence of the polypeptide was shown to be: Asp-GIu-Leu-Thr-Lys,
The e-MTC group of Lys in the modified peptide, can be conveniently 
removed with aqueous hydrazine119. The mass spectra of the 
deblocked polypeptide was also sequenced by the above procedure. 
Similar results were obtained, with the exception that the ions 
at m/e 442 and 423 were absent.
Example 4 describes the application of the technique to the sequencing 
of polypeptide amides. Here the DAP-I degradation proceeded normally 
and all alternative peptide bonds were hydrolysed. Peptide amides 
with an even number of residues yielded the expected dipeptide mixture
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whilst peptide amides with an odd number of residues yielded 
dipeptides and the C-terminal amino acid amide. The pyrolytic 
derlvatisatIon procedure converted the amino acid amides to the 
ethoxycarbonyIpropenyI amide derivatives which were identified 
from their c.1. (helium) mass spectra. In some cases a small 
amount of the original polypeptide amide was hydrolysed to the 
free peptide during the work up of the Edman degradation.
The DAP-1 digest of such a polypeptide amide (Fig.-14)
yielIded the following (MH)+ and (A^)+ ions:
m/e Isotope Ratio Possible DIpeptides
476 (4:4:1) Met-Trp, Trp-Met
462 (2:1) no match
331 (4:4:1) Gly-Asp, Asp-Gly, Ser-Val, Val-Ser
285 (2:1) Trp
277 (Singlet) no match
271 (Singlet) no match
232 (Singlet) Phe
144 (2:1) no match
142 (Singlet) Gly
After matching ions and Isotope ratios in the two lists, the isotope 
ratio of (4:4:1) at m/e 331 was not compatible with the expected 
ratio of (2:1) for Val-Ser and Ser-Val, and the absence of an (A^* 
ion for Met was used to eliminate Met-Trp. The list could now be 
reduced to Trp-Met (m/e 476) and Gly-Asp (m/e 331) and the ions for 
which no match could be found were identified as Trp-Met (m/e 462 
unmethylated), Phe.NH2 (m/e 277), Trp(MH)+ (unmethylated) (m/e 271),
m/e 144 (Diag.-I2).
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The DAP-I digest on the modified peptide, gave rise to the following
•J*
(MH) and (A^ ions (Fig.-15) at:
m/e Isotope Ratio Possible Dipeptides
421 (4:4:1) Val-Tyr, Tyr-Val, Asp-Phe, Phe-Asp
Thr-CmC, CmC-Thr
333 (2:1) Met-Gly, Gly-Met, Ser-Thr, Thr-Ser
216 (Si nglet) Met
214 (2:1) Asp
After matching the ions and the isotope ratios in the above list, the 
dipeptides Val-Tyr, Tyr-Val, Thr-CmC, CmC-Thr, Gly-Met, Ser-Thr and 
Thr-Ser could be eliminated on the basis of the absence of (A1)+ ions 
for Val, Tyr, Thr, CmC, Gly and Ser. The list of possible dipeptides 
in mixture 2 was thus reduced to Asp-Phe (m/e 421) and Met-Gly (m/e 333).
After identification of the N-terminal residue as Trp ( (MH) + m/e 260), 
from its Edman derivative, the two dipeptide mixtures could be overlapped: 
Mixture I. Trp-Met, Gly-Asp, Phe.NH2 
Mixture 2. Met-Gly, Asp-Phe
to give the reconstructed sequence of the polypeptide: 
Trp-Met-Gly-Asp-Phe.NH2
104.
This method of sequencing which relies upon identification 
of the c.i. (helium) mass spectra of the ethoxycarbonyIpropenyI 
methyl ester derivatives of dipeptide mixtures from DAP-I 
hydrolysates without separation of the component dipeptides has 
been applied successfully to the identification of up to an 
octapeptide. Although larger peptides have not yet been sequenced 
by this procedure, the method is potentially useful for the 
sequencing of peptides up to 25 residues120. But, beyond this 
size the possibility of deriving a unique sequence decreases 
markedly120. However, if tryptic peptides are used for DAP-I 





Low resolution e.f. mass spectra were recorded on an E.A.I.
QUAD 300D mass spectrometer using the solid probe inlet system. 
Operating conditions for the mass spectrometer were: ion source 
temperature 220°C, ionising current 50 pamps and ionising voltage 
70 eV. The solid probe temperature was varied from ambient to 
300°C.
Chemical ionisation mass spectra were recorded on an A.E.I. 
MS-902 mass spectrometer or on a Dupont 21-49IB mass spectrometer, 
both modified for operation in the c.i. mode. All c.i. mass 
spectra were measured at a source temperature of 200°C and the probe 
temperature was varied from ambient to 300°C.
Peptides
All peptides were obtained from Schwarz/Mann Research 
Laboratories (Orangeburg, New York); Bachem (Marina Del Ray, Cal.); 
Cyclo Chemical Corp., (Los Angeles, Cal.) and Research Plus 
Laboratories (DenviIle, New Jersey).
Reaction Vessels
All peptide derlvatisations were carried out in reactor vials 
(|mI capacity) fitted with teflon lined caps (Regis, Illinois).
Molecular Sieves
Molecular sieve type 3A (1/16" pellets) was manufactured by 
the Linde Air Products Co., and was distributed by BDH Chemicals Ltd.
107.
Ester!fIcatlon Reagents
Preparation of Anhydrous Methanol*^*
A dry one-litre round-bottom flask was fitted with a double 
surface condenser and drying tube. Clean dry magnesium turnings 
(2.5g) and* Iodine (0.25g) were added to the flask followed by 
30ml of methanol. The mixture was warmed until the Iodine had 
disappeared and most of the magnesium was converted to the 
methylate. More methanol (450ml) was then added and the mixture 
was refluxed for thirty minutes. The methanol was then distilled 
off and stored over 3A molecular sieve.
Preparation of Thionyl Chloride-Methanol Reagent82
Anhydrous methanol (9ml) was cooled in a dry Ice/acetone bath 
and freshly distilled thionyl chloride (ImI) was added dropwise.
The reagent was used within fifteen minutes of preparation.
Preparation of Pi azomethane Reagent
p-ToluenesulphonylmethyInitrosamide (2.I4g) (Fluka A.G. Buchs S.G.) 
was dissolved in ether (30ml) and the solution was cooled in an ice 
bath. Potassium hydroxide (0.4g) in ethanol (10mI) was then added.
After five minutes the ethereal solution of diazomethane was 
distilled from a water bath. The reagent was stored in a brown 
bottle at 0°C.
Preparation of Tétraméthylammonium Hydroxide (TMAH)
A mixture of tétraméthylammonium bromide (E. Merck Darmstadt) 
(l.54g, 10 mmole) and silver oxide (l.8g, 14.4 meq.) was stirred 
in anhydrous methanol (40ml) for two hours. The silver bromide was
filtered off, and the base concentrations of the filtrate was 
determined by titration with standard sulphuric acid (0.IN) to 
a phenolphthalein end point. The solution was diluted to a 
strength of 0.1 mmole/ml 60ml) and it was stored under 
refrigeration. Under these conditions the solution could be 
kept indefinitely.
Preparation of TrimethyI phenylammonium Hydroxide (TMPAH)
Trimethyl phenyl ammonium Bromide (Fluka A.G. Buchs S.G.)
(2.I6g, 10 mmole) and siIver oxide (l.8g, 14.4 meq.) was stirred 
in anhydrous methanol (30ml) for two hours. The solution was 
filtered, and the hydroxide ion concentration of the filtrate 
was determined by titration with standard sulphuric acid (0.IN) 
to a phenolphthalein end point. The solution was diluted with 
anhydrous methanol to a concentration of 0.1 mmole/ml K  70ml) 
and stored under refrigeration at 0°C. Under these conditions 
the solution was indefinitely stable.
A. ESTERIFICATION OF ACETYL AMINO ACIDS
Acetylation of Amino Acids
The amino acid (10 \i mole) was dissolved in water ( ImI) and 
acetic anhydride (ImI) (E. Merck A.G. Darmstadt) was added. The 
solution was agifated for ten minutes at room temperature and then 
for five minutes at 30°C. The excess solvent was then removed in 
vacuo and the residue was redissolved in ethanolic ammonia (4:1) 
(0.5ml). The product was checked for unreacted amino acid by 
paper chromatography on Whatman No.2 paper, using butanol, methanol
and ammonia (4:1:5) as developer and nfnhydrin (0.5/6 in butanol) 
reagent was used to detect the unreacted amino acid. The acetyl 
amino acid was detected as a yellow spot on a blue background by 
spraying the paper with bromocresol green spray (E. Merck A.G. Darmstadt). 
If unreacted amino acid was detected by this method, the acetylation 
was repeated until a homogenous product was obtained. Finally, the 
excess ethanolic ammonia was removed on the rotary evaporator and 
the product was dried over silica-gel.
Preparation of Acetyl Amino Acid Methyi Esters
The acetyl amino acids Giy, Ala, Val, Leu, Phe, Met, Lys, Pro,
Giu, Asp, Ser and Thr were esterified by heating the amino acids 
(I y mole) with the thionyl chloride-methanol reagent (0.5ml) under 
reflux for thirty minutes or until all the amino acid had dissolved.
After removal of the solvent and the excess reagent in vacuo, the 
residue was redissolved in methanol (0.1ml) and an aliquot (20yl) 
was dried under vacuum in a glass capillary tube. The dried sample 
was then examined by mass spectrometry and the reference mass spectra 
were recorded.
The acetyl amino acids Asn and Gin (I y mole) were esterified 
by dissolution of the acetyl amino acid in methanol (0.1ml) and 
diazomethane ( 0.5ml) was added dropwise over a twenty minute
period or until a persistent yellow colour was obtained. The 
excess solvent was then evaporated and the residue was redissolved 
in methanol (0.Iml). An aliquot (20yl) was then dried under 
vacuum in a glass capillary tube and the sample was examined by mass
spectrometry. The results are shown In Table-1.
Esterification of Acetyl Amino Acids by Pyrolysis
The dry N-acetyl amino acid (10 p mole) was dissolved in 
TMAH (0.IN) or in TMPAH (0.IN) (100 pi of this reagent was 
added per C00H group). An aliquot (2 pi) was transferred to a 
glass capillary tube and the solvent was evaporated under vacuum. 
The glass capillary was transferred to the solid probe inlet of 
the mass spectrometer and the trimethyI amine was removed at a 
solid probe temperature of 60°C. This process could be monitored 
on the oscilloscope by following the disappearance of ions at m/e 
58, 59. Similarly, the ions at m/e 120, 121 could be used to 
monitor the concentration of dimethyIan Iine. The temperature was 
then slowly increased until the mass spectrum of the acetyl amino 
acid methyl ester appeared on the oscilloscope. When the e. i. 
spectra of the acetyl amino acid ester reached a constant intensity 
a chart record was taken. The pyrolytic esterification was also 
carried out at solid probe temperatures of 80, 90, NO, 130, 150, 
170, 200 and 230°C. The mass spectra of acetyl amino acid esters 
prepared by pyrolytic esterification of TMPA salts at 80-l00°C and 
of TMA salts at II0-I30°C are shown in Table-1.
B. PERMETHYLATION OF ACETYL AMINO ACIDS
Preparation of PermethyIated Acetyl Amino Acids by Pyrolytic 
Methylation
The dry N-acetyl amino acid (0.2 p mole) was dissolved in 
TMPAH (0. IN) and the solution was evaporated under reduced pressure
In a glass capillary tube. The sample was Inserted Into the 
mass spectrometer, and at a solid probe temperature of I00°C 
the sample was pyrolytlcaIly methylated. The experiment was 
repeated using TMPAH volumes of 2.4 yl (0.22 y moles), 3 yl 
(0.3 y moles), 4 yl (0.4 y moles), 6 yl (0.6 y moles) and 
8 yI (0.8 y moles).
C. PYROLYTIC ESTERIFICATION OF ACETYL PEPTIDES
Preparation of N-Acetyl Peptides123
The peptide (I y mole) was shaken with a mixture of acetic 
anhydride (1ml) and water (ImI) at room temperature for two hours.
The solution was then evaporated under vacuum and the residue was 
then redissolved in water (Iml). The purity of the product was 
checked by paper chromatography on Whatman No.2 paper using butanol: 
methanolrammonia (4:1:5) as developer. Untreated peptide was 
detected with ninhydrin and acetyl peptides were detected with 
bromocresol green spray reagent, (acetyl peptides stained as a 
yellow spot against a blue background). In cases of incomplete 
acetylation the acetylation procedure was repeated until a 
homogenous product was obtained. The solution was then re-evaporated 
to dryness under reduced pressure and the sample was dried under 
vacuum over K0H pellets and silica-gel. The following peptides 
G|y—lie, Ala-Leu, Val-Tyr-Val, Val-Gly-Gly, Leu-Gly-Phe, Pro-Val, 
Hyp-Gly, Phe-Val, His-Leu, Lys-Val, Ser-Val, Ser-Ala, Thr-Met, 
Asp-Phe, Gln-Gly, Met-Phe-Gly, Phe-Tyr, Trp-Lys, Ile-Ala, Ala-Tyr, 
Gly-Trp, Ala-Asn, Glu-Ala, (Cys-Val)2 , His-Val, Gly-Pro, Ala-Val, 
Val-Leu, Leu-His, Pro-Phe, His-Ala, Trp-Leu and Trp-Ala were
acetyIated In this fashion,
»
Esterification of Acetyl Peptides
The acetyl peptide (i y mole) was refluxed with dry thionyl 
chloride-methanol reagent (0.5ml) for thirty minutes. The excess 
reagent and solvents were removed In vacuo and the acetyl peptide 
ester was then dissolved in methanol (1ml) and the solvent was 
re-evaporated. This was repeated twice more and then the residue 
was redissolved in methanol (0.1ml). An aliquot (20 yl) was then 
transferred to a glass capillary tube and the solvent was removed 
in vacuo. The dried residue was used for mass spectral analysis 
and a reference spectrum was recorded. The following peptides: 
Gly-Pro, Ala-Val, Val-Leu, Leu-His, Pro-Phe, His-Ala, Trp-Leu and 
Trp-Ala were esterified in this way and the sequence ions present 
in their e.i. mass spectra are shown in Table-2.
Pyrolytic Esterification of Acetyl Peptides
The dry N-acetyl peptide (0.2 y mole) was dissolved in TMPAH 
C (0. IN) using 2.4 yl per -C00H group] and the solution was 
evaporated to dryness under reduced pressure. The sample was 
transferred to the solid probe inlet of the mass spectrometer and 
excess solvent was removed in the forepump region. The sample was 
then introduced into the high vacuum region and the temperature was 
raised to I00°C and it was maintained at I00°C for 3-5 minutes or 
until the evolution of dimethy lani I ine had subsided. The solid 
probe temperature was then slowly increased until the mass spectrum 
of the acetyl peptide ester appeared on the oscilloscope display.
An ©. i • mass spectrum was recorded when the spectrum had reached a
constant intensity. The sequence ions of acetyl peptide esters
prepared by this procedure are listed In Table-2.
Pyrolytic Esterification of Acetyl Peptides with residues of 
His, Trp and Tyr
. /
The dry N-acetyl peptide 0.2 p mole was dissolved in TMPAH
[CO.IN) 2.4 pi were added per -C00H group and for every His, Trp
and Tyr residue in the peptide], and the solution was evaporated
to an oil under reduced pressure in a glass capillary tube. The
dry residue was transferred to the mass spectrometer and pyrolytic
esterification was induced by the foregoing procedure. The
peptides: Val-Tyr-Val, His-Leu, Phe-Tyr, Gly-Trp, Leu-His, His-Ala
and Trp-Leu were derivatised in this manner. In a similar fashion
the experiment was repeated using 4, 6 or 8 y I of TMPAH per -C00H
group and for every His, Trp and Tyr residue in the peptide.
P. ESTERIFICATION OF ACYL AND SULPHONYL PROTECTED PEPTIDES 
Acetylation Procedure
Val-Ile-Ala was acetylated by the procedure in Section C.
Tri f I uoroacety lation12** Procedure
Val-Ile-Ala (I y mole) was dissolved in trifIuoroacetic
acid (0.5ml) and trifIuoroacetic anhydride (0.5ml) was added.
oThe solution was heated for ten mlnufes to 50 C and the 
reagents were then removed under reduced pressure. The 
derivative was dried over KOH pellets and silica-gel.
Formyl ation125 Procedure
Val-Ile-Ala (I y mole) was dissolved in formic acid (90%)
(|ml) and warmed to 50°C. Acetic Anhydride (0.2ml) was then
added dropwise over a period of ten minutes. The excess solvent 
and reagent were removed under reduced pressure, and the derivative 
was dried over KOH pellets and silica-gel.
Benzoyl ation and PivaloyI ation Procedure
VaI-I I e-Ala (I y mole) was dissolved In aqueous NaHC03 (0.IM) 
(0.5ml) and benzoyl or pivaloyl chloride (Fluka A.G. Buchs S.G.) 
(0.1ml) was added. The solution was shaken for two hours at room 
temperature and it was then concentrated under reduced pressure.
The residue was acidified to pH 3 and the acylated peptide was 
isolated by extraction with ethyl acetate (3 x 0.5ml). The '
ethylacetate fractions were combined, dried with solid MgSO^ 
(anhyd.), filtered and the filtrate was evaporated to dryness.
The residue of benzoyl or pivaloyl VaI-I I e-Ala was dried over 
si Iica-geI.
Pansylation126 Procedure
Val-Ile-Ala (I y mole) was dissolved in triethylamine (O.IN)
(20 yl) and a solution of l-dimethylaminonaphthalene 5-sulphonyl 
chloride (Dansyl Chloride) (Fluka A.G. Buchs S.G.) in acetone 
(20 yl, 0.5%) was added. The solution was warmed to 40°C and it 
was maintained at this temperature for one hour. The excess reagent 
was removed by extraction with toluene (Iml) and this was repeated 
three times. The aqueous solution was acidified to pH 2 and the 
Dns-VaI-I I e-Ala was extracted with ethylacetate (3 x 0.5ml). The 
ethylacetate fractions were combined, dried with MgS0l+ (anhyd.) 
and the filtrate was evaporated to dryness. The residue was dried
over s iIi ca-geI•
Pyrolytic Esterification of Acyl and Sulphonyl Protected Val-Ile-Ala 
The N-protected Val-Ile-Ala (I p mole) was dissolved in TMPAH 
(0. IN) (12 pi) and an aliquot (2,4 pi) was transferred to a glass 
capillary and the solution was evaporated to dryness under 
reduced pressure. The residue was transferred to the mass spectrometer 
and pyrolytic esterification was induced by heating the probe to 
I00°C for 3-5 minutes. The probe temperature was slowly increased 
until a mass spectrum of the N-protected Val-Ile-Ala methyl ester 
was obtained. The sequence ions obtained from the e.i. mass 
spectra of these derivatives are shown in Table-4.
Preparation of TFA-Peptide Methyl Esters
Trif luoroacety lation of Peptides: Reference Method12**
The peptide (I p mole) was dissolved in trifluoroacetic acid 
(0.5ml) and trifIuoroacetic anhydride (0.5ml) was added. The 
solution was heated at 40°C for twenty minutes and the excess 
reagent was removed in vacuo. The residue was redissolved in 
methanol (50 pi), and an aliquot 5 pi was spotted on a t.I.c. 
plate for chromatography. The excess solvent was removed under 
reduced pressure and the residue dried over KOH pellets and 
si Iica-gel.
MethyItrifIuoroacetate Condensation with Peptide TMPA salts 
Establishment of Reaction Conditions
The peptide (I p mole)*was dissolved in TMPAH (0.IN) (12 pi), 
methanol (2ml) and methyItrifIuoroacetate (I Op I) was added. The 
solution was divided into two portions, the first (ImI) portion
being heated under reflux for thirty minutes with aliquots (10 pi) 
being taken at five minute intervals, these were spotted immediately 
on t.I.c. plates (Merck. Kieselgel. G.). The second portion was 
allowed to stand at room temperature ('v I8^C) with aliquots (10 pi) 
being taken half hourly for two hours, and then hourly for six hours. 
These samples were also spotted on t.I.c. plates. Chromatography 
was performed in butanol:acetone:acetic acid:ammonia:H20 (18:6:4:1:8). 
The TFA-peptides and unmodified peptides were detected by spraying 
the plate with Morin127 (3, 5, 7, 2f, 4f - pentahydroxyfIavone)
(B.D.H.) (0.05% in methanol) and heating at I00°C for two minutes.
The TFA-peptides fluoresced yellow under U.V. light. The unreacted 
peptides and TFA-peptides were further detected by spraying the 
plate with the sodium hypochloride (10-15? available chlorine).
After thirty minutes at room temperature the plates were heated at 
I00°C for fi ve minutes and they were then sprayed with o-toIidine128. 
The TFA-peptides and unreacted peptides stained as blue spots. This 
procedure was used on Ala-Leu and 11 e-Ala. The results are 
discussed in Section D (discussion). The following method was 
developed from these results.
Trifluoroacetylation of Peptides:MethyItrifIuoroacetate 
Condensation(Method II)
The peptide (I p mole) was dissolved in TMPAH (0.IN) (12 pi), 
methanol (2ml) and methyItrifIuoroacetate (10 pi) was added, and 
the solution was heated under reflux for fifteen minutes. The 
excess solvent was then removed under reduced pressure, and the
residue was redissolved in methanol (50 pi). An aliquot (5 pi)
was spotted immediately on a t.I.c. plate for chromatography.
A further aliquot (20 pi) was transferred to a glass capillary
tube and evaporated under vacuum to an oil. The oily residue
was now suitable for pyrolytic esterification.
Comparison of TFA Peptide Derivatives prepared by the Reference 
Method and Method 11
The peptides Ala-Leu, Va1-Leu, Gly-Trp, Ile-Ala, Ser-Val, 
Hyp-Gly, Met-Ser, His-Leu, Lys-Val, Asp-Phe, Gln-Gly, Pro-Phe 
were trifIuoroacetylated by both methods and the derivatives 
were chromatographed in butanol:acetone:acetic acid:ammonia:
H^O (18:6:4:1:8) on Kieselgel-G t.I.c. plates (E. Merck, Darmstadt). 
The Rf values of the TFA-peptides prepared by these methods are 
summarised in Table-5.
Comparison of the Mass Spectra of TFA-Peptide Methyl Esters prepared 
by Different Methods
Reference Method
The TFA-peptide (I p mole) (prepared by the Ref. Method) was 
dissolved in methanol (ImI) and a solution of diazomethane in 
ether was added until a yellow colour persisted. The solution was 
allowed to stand at room temperature for thirty minutes, at which 
time the excess solvents and reagents were removed by evaporation 
with a stream of dry N£. E.i. mass spectra were recorded on a 
0.2 p mole sample and the sequence ions obtained in this way are
listed in Table-6.
Method I
The TFA-peptide (I y mole) (prepared by Ref. Method) was 
redissolved In TMPAH (12 yl) (0.IN) and an aliquot (2.4 yl) was 
transferred to a glass capillary and this was evaporated to dryness 
under vacuum. The capillary was transferred to the mass spectrometer 
and pyrolytic esterification was initiated. An e. i. mass spectrum 
was then recorded on the TFA-peptide methyl ester (c.f. Table-6). 
Method 11
The TFA-peptide TMPA salt, prepared by Method II with 
methyItrifIuoroacetate, was esterified directly by pyrolytic 
esterification within the mass spectrometer at I00°C. The e.i. 
mass spectral results for the TFA-peptide methyl esters are 
recorded in Table-6 and 7.
Removal of Excess TMPAH Reagent by Ion Exchange 
Procedure for the Preparation of the Ion Exchange Resin
The cation exchange resin Zerolit 236 Permutit (Brookevale, 
N.S.W.) (H+ form) (lOg) was washed with deionised disti I led water 
(100ml), and then with methanol (100ml). The resin was dried by 
vacuum filtration and it was then resuspended in methanol (50ml).
The mixture was allowed to stand at room temperature for four 
hours and the excess methanol was then removed by vacuum filtration. 
The resin was washed with anhydrous methanol (3 x 20 ml) under 
vacuum filtration. The dry resin was then resuspended in 
anhydrous methanol (30ml).
Procedure for the Removal of Excess TMPAH from a Reaction Mixture
The peptides Ala-Val and Val-Leu (I p mole) were 
trifluoroacetylated by the reference method and excess TMPAH (0.IN) 
(20 pi) was added. Zerolit 236 was added in 0. Iml portions to the 
TFA-peptide TMPA salt and the pH was checked with Merck Universal 
Indicator paper after each addition, until the pH was reduced to 
8. An aliquot (4 pi) was then dried under vacuum, and it was 
pyrolytically esterified at I00°C in the mass spectrometer. A mass 
spectrum of the ester was recorded.
E. ALDEHYDES AND (3-DIKETONES AS PROTECTING GROUPS 
Reagents
Ethyl acetoacetate, pivaldehyde, 4-methoxybenzaIdehyde,
4-dimethylaminobenzaIdehyde, 4-dimethylaminocinnamaIdehyde,
4-chIorobenzaidehyde were obtained from Fluka A.G. (Buchs S.G.). 
Benzoyl acetone and benzaIdehyde were obtained from B.D.H. Chemicals 
(Poole, England). I-NaphthaIdehyde was obtained from Pfaltz and 
Bauer, Inc. (Flushing, N.Y.) and 4-dimethyI ami no - l-naphthaIdehyde 
was synthesised129. All reagents were used as obtained commercially, 
except for benzaIdehyde, which was washed with Na2C03 solution (10?) 
dried over Na2C03 (anhyd.), and distilled at reduced pressure 
(8mm Hg) from a little zinc dust. The fraction boiling at 57-59°C 
(8mm) was collected.
P r e p a r a t i o n  o f  4 - D i m e t h y l a m i n o - l - N a p h t h a l d e h y d e
H e x a m i n e  ( 4 . 5 g )  a n d  g l a c i a l  a c e t i c  a c i d  ( 4 . 5 m l )  w e r e  h e a t e d  o n
a boiling water bath, while a mixture of dimethyl-«-naphthylamine 
(4.0g) and glacial acetic acid (8.0ml) were added dropwise during 
one hour. Heating was continued for a further two hours, after 
which the hot mixture was poured into 0.5N HCI (60ml) and the 
solution was left overnight. The thick brown oil which separated was 
extracted with ether (3 x 10mI) and this was washed with water (3 x 10ml 
and the extract was dried over MgSO^ (anhyd.). After evaporation of 
the ether, the thick oil was distilled under reduced pressure (10mm) 
and the distillate boiling between 190° and I95^C was collected 
(yield I.4g - 32?).
Preparation of AcetyacetonyI Peptide Methyl Esters
The peptide (I y mole) was dissolved in TMPAHC(0.IN), 12 yl 
were added per C00H group, and for every His, Trp and Tyr residue 
in the peptideH methanol 20 yl was added. Dissolution of the 
peptide was aided by uItrasonication for 5-10 minutes. AcetyI acetone 
(5 yl) and a molecular sieve (Type-3A) were then added, and 
the solution was allowed to stand overnight at room temperature.
An aliquot (7 yl) was evaporated to dryness in a glass capillary 
tube and pyrolytic esterification was induced within the mass 
spectrometer at I00°C. When the sample pressure, due to 
dimethylaniIine, had subsided (3-5 minutes), the probe temperature 
was increased and a mass spectrum of the acetylacetonyI peptide 
methyl ester was recorded. The characteristic sequence ions for 
a selection of some of these peptide derivatives are shown in 
Table-8 and I I.
The peptide (I y mole) was dissolved in TMPAH C(O.IN) 12 yl 
were added per COOH group and for every His, Trp and Tyr residue 
in the peptide] and methanol (20 yl) was added. Dissolution of 
the peptide was aided by ultrasonic treatment for ten minutes.
BenzoyI acetone (5mg) and a molecular sieve (Type 3A) were added 
and the solution was allowed to stand overnight. An aliquot 
(7 yl) was evaporated to dryness in a glass capillary tube, and 
pyrolytic esterification was induced within the mass spectrometer 
at I00°C. This required 3-5 minutes before the intensity of the 
ions, due to dimethylaniIine (m/e 120, 121), had subsided. However, 
it was necessary to maintain this temperature (in excess of twenty 
minutes) until the excess benzoyI acetone was selectively pumped 
from the sample. When the sample pressure, due to excess reagents, 
had dropped, the probe temperature was increased until the 
benzoyIacetonyl peptide ester became sufficiently volatile to 
record a mass spectrum. Sequence ions from the e.i. spectra are 
recorded in Table-8 and II.
Preparation of TrifIuoroacetylacetonyI Peptide Methyl Esters
These derivatives were prepared by the same method used for 
the preparation of the acetylacetonyI derivatives, except that 
trifI uoroacetyI acetone was used in place of acetyI acetone.
The sequence ions from the e.i. mass spectra are recorded in 
Table-12.
P rep ara t io n  o f  Benzoylacetonyl Peptide Methyl Esters
Preparation of EthoxycarbonyIpropenyI VaI-I(e-Ala Methyl Ester
Val-Ile-Ala (I p mole) was dissolved In TMPAH (0.IN) (12 pi) 
and methanol (20 pi) was added. Ethylacetoacetate (5 pi) and a 
molecular sieve (Type 3A) were then added. The solution was 
heated at 70°C for fifteen minutes (in a sand bath), followed by 
cooling to room temperature. An aliquot (8 pi) was then 
evaporated to dryness in a glass capillary tube and the residue 
was pyrolytlcally esterified using the same conditions as 
described for the acetylacetonyI derivatives. The sequence ions 
from the e.i. mass spectra are recorded in Table-8.
Preparation of Neopentylidene Peptide Methyl Esters 
The peptide (I p mole) was dissolved in TMPAH C(0.IN) and 12 pi 
were added per COOH group and for every His, Trp or Tyr residue 
in the peptide methanol (20 pi) was added. Dissolution of the peptide 
was aided by ultrasonic treatment for ten minutes. Pivaldehyde 
(5 pi) and a molecular sieve (Type 3A) were then added. The 
solution was allowed to stand at room temperature for fifteen 
minutes, and an aliquot (8 pi) was evaporated to dryness in a 
glass capillary tube under vacuum. The capillary was heated to 
I00°C within the mass spectrometer, and after the esterification 
period (3-5 minutes) the probe temperature could be immediately 
increased to the volatilisation temperature of the neopentyIidene 
peptide methyl ester. The sequence Ions from the e.i. mass spectra 
are recorded in Table-4.
The peptide (I p mole) was dissolved in TMPAH C(0.IN) 12 pi 
were added for every COOH group, His, Trp and Tyr residue in the 
peptide] and methanol (20 pi) was added. One of the following 
aromatic aldehydes, benaldehyde (2 pi), saI icy laIdehyde (2 pi), 
4-dimethyI aminobenzaIdehyde (2mg), 4-dimethyl aminocinnamaIdehyde (2mg) 
4-chlorobenzaIdehyde (2 pi), l-naphthaIdehyde (2 pi) or 
4-dimethyl ami no-l-naphthaIdehyde (2 pi) was added with a molecular 
sieve (Type 3A) to the solution. The solution was then allowed 
to stand at room temperature for six hours (or overnight). An 
aliquot (8 pi) was transferred to a glass capillary tube, and 
evaporated to dryness under vacuum. Following pyrolytic 
esterification at I00°C, the probe temperature was maintained 
until excess reagents were selectively pumped from the sample,
(this required 20-30 minutes). The e.i. mass spectra for these 
derivatives are recorded in Table-8 and 10.
Preparation of Schiff Base and Enamine Peptide Methyl Esters:
Reference Compounds
Val-Ue-Ala, (I p mole) was dissolved in thionyl chloride­
methanol reagent and refluxed for thirty minutes, excluding 
moisture with a calcium chloride drying tube. The excess 
solvent and reagent was removed under vacuum, and the residue 
was redissolved in methanol (20 pi) and triethyI amine (5 pi).
One of the reagents benzoyI acetone (2 pi), ethylacetoacetate (2 pi), 
or 4-chlorobenzaIdehyde (2 pi) was then added, together with a
P rep ara t io n  o f  A ry lid e n e  Peptide  Methyl E s te r  D e r iv a t iv e s
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molecular sieve (Type 3A). Condensation times were as described 
previously. Following condensation, an aliquot (6 pi) was then 
evaporated to dryness In a glass capillary tube under vacuum, 
and admitted to the mass spectrometer. The excess reagents were 
selectively removed at I00°C, and a reference mass spectrum was 
recorded. The e.i. mass spectra for the respective derivatives 
are recorded in Table-8.
F. THE MASS SPECTROMETRIC IDENTIFICATION OF PI PEPTIDE MIXTURES
OBTAINED FROM D1PEPTIDYLAMI NOPEPTIDASE-1 HYDROLYSATES
Preparation of AcetyIacetonyI Methyl Ester Derivatives of 
Pi peptide Mixtures
The peptides Val-Leu (0.2 y mole), Asp-Phe (0.2 y mole),
His-Leu (0.2 y mole) and Lys-Trp (0.2 y mole) were weighed into 
a reaction vial. TMPAH (0.IN) was then added slowly, with 
gentle agitation, until the peptide mixture was dissolved.
(This required 18 yl.) Methanol (10 yl), acetyI acetone (5 yl) 
and a molecular sieve (Type 3A) were added and the mixture was 
allowed to stand overnight at room temperature. After the 
reaction period the molecular sieve was withdrawn from the 
solution with a spatula and rinsed off into the reaction solution 
with 10 yl of methanol. The solution containing the peptide 
mixture was then transferred to two glass capillary tubes and 
evaporated to dryness under reduced pressure.
E i. Mass Spectrometry of the AcetyIacetonyI Pi peptide Mixture TMPA salt
A capillary containing 0.1 y moles of the dipeptide mixture was 
transferred to an E.A.I. QUAD 300D mass spectrometer and pyrolytic
esterification was induced at 80°C. A background spectrum was 
recorded after subsidence of the sample pressure due to the 
dimethyIanìIine, and the probe temperature was slowly increased 
with the mass spectrum being monitored on a scanning oscilloscope. 
Spectra were recorded at 20°C Intervals between m/e 100 and 280. 
The results obtained are shown in Fig.-6, with the background 
spectrum having been subtracted.
C,i. (isobutane) Mass Spectrometry of the Acetyacetonyi Pi peptide 
Mixture TMPA Sait
A capillary containing 0.j p moles of the derivatised
dipeptide mixture was transferred to an A.E.I. MS-902 mass
spectrometer and c.i. (isobutane) mass spectra were recorded
at pressures of 0.8-1.00 Torr. Pyrolytic esterification was
induced at 80°C and a background spectrum was recorded. The
probe temperature was then slowly increased and spectra were
recorded at 20°C intervals between m/e 220 and 600. The mass
spectra of the mixture is shown in Fig.-5, with the background
spectrum having been subtracted. The mass spectral results for
two other mixtures derivatised and identified by the foregoing
procedure are listed below. The results are documented as:
4*
m/e (Intensity) Fragment ion .
Mixture I I







Pro-Va1 : m/e 152 (93) (Aj)4"; 31 1 (90)(MH)+
Thr-Leu: m/e 156 (45) (Aj)+; 138 (I8)(A1)+
329 (40) (MH>+ ; 310 (33) (MH)+
Va1-G1u: m/e 154 (90) <A1)+; 357 (60) (MH) +
Mixture 11 1
Glu-Arg: m/e 198 (53) • %
+
H< 478 (43) (MH)+
Leu-Met: m/e 168 (100) (Aj)+; 359 (80) (MH)+
Ala-Ala: m/e 126 (90) (A1)+; 257 (100) (MH>+
Investigation of Suitable C.1. Reagent Gases to Induce Peptide 
Fragmentation
Reagent gases used were: isobutane (Instrument Grade, 99.5 
mole ?) (Matheson)rmethane (C.P. Grade, 99.0 mole ?) (Matheson): 
hydrogen (High Purity Grade, 99.995?) (C.I.G.):argon (High Purity 
Grade, 99.995?, moisture < 12 v.p.m.):he 11 urn (Industrial, 99.99?, 
moisture < 25 v.p.m.). Mass spectra were recorded at pressures 
of 0.8-1.00 Torr for all gases. The results are tabulated below 
for the ratio of (A1)+/(MH)+ obtained on acetylacetonyI peptide 
methyl esters using the different reagent gases:
AcetyacetonyI Val-Val methyl ester; isobutane (.06), methane (.54), 
hydrogen (1.10), argon (1.30), helium (1.75).
AcetyIacetonyI Trp-Ala methyl ester; isobutane (0), methane (.05), 
hydrogen (.16), argon (.18), helium (.24).
AcetylacetonyI Pro-Val methyl ester; isobutane (.15), methane (.90), 
hydrogen (1.30), argon (1.53), helium (2.10).
AcetyIacetonyI Tyr-Gly methyl ester; isobutane (0), methane (.14), 
hydrogen (.16), argon (.13), helium (.19).
Preparation of EthoxycarbonyIpropenyI Dipeptide Methyl Esters
Reagents
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TMPAH (0.IN) was prepared by the general procedure, but 
ethanol was used as a solvent In place of methanol.
Procedure
The peptide (0.2 y moles) was dissolved in TMPAH CCO.IN) 2.4 yl
were added for every COOH group, Tyr, His or Trp residue In the peptide]
and methanol 20 yl was added. Ethylacetoacetate (3 yl) and a molecular
sieve (Type 3A) were then added. The solution was heated at 70°C for
thirty minutes (in a sand bath), cooled, and then evaporated to
dryness in a glass capillary tube. The pyrolytic esterification was 
induced at I00°C in the solid probe inlet of a Dupont 21-491 B mass
spectrometer. Helium was used as the reagent gas at pressures of
0.8-1.00 Torr, and mass spectra of the ethoxycarbonyIpropenyI
dipeptide methyl esters were recorded when they were of constant
intensity. The mass spectral results are recorded in Table-15.
Edman Degradation
Reagents130
Pyridine, (B.D.H. Ltd., Poole, England) was refluxed over 
solid K0H for three hours and then distilled. B.p. 115° to II6°C.
Benzene, (one litre, Practical Grade) was stirred over cone.
H2S0tt (50 ml) with several changes of acid and then washed with 
distilled water. It was shaken in a mechanical shaker overnight 
with an aqueous KMnO^ solution (30g/l) (100ml). The KMnOl+ was 
removed by washing with distilled water and the preparation dried 
over KOH. The benzene was distilled, the fraction boiling 80° to 
8I°C was collected.
1 2 8 .
EthyI acetate, (Practical Grade) was stirred with aqueous 
Na2C03 ^ 0  g/l) and then with a saturated solution of CaCI2 
In water. The organic phase was separated, shaken with solid 
(Ig/D In a mechanical shaker overnight, and then washed 
with distilled water until colourless. It was dried, first over 
anhyd. CaCI2 (200 g/l) for twenty four hours and then for the 
same period over anhyd. CaSO^ (200 g/l) from which it was 
distilled, B.p. 77°C.
TrlfIuoroacetic Acid, (Fluka A.G.) was refluxed with solid 
Cr03 until there was no colour change. The acid was distilled and 
again refluxed with Cr03. The acid was again distilled and dried 
over anhyd. CaSO^ distilled and the fraction boiling at 72 to 73°C 
collected.
Ethylene chloride, (purum grade, Fluka A.G.) was stirred twice
with cone. H2S0lf, then washed in succession with distilled water,
dilute Na2C03 solution and distilled water. It was then shaken in 
a mechanical shaker overnight with an aqueous solution of KMnO^
(30 g/l). The KMnOt̂  was removed by repeated washings with distilled
water, and the preparation was then dried over anhyd. CaSO^, and
finally distilled. B.p. 83° to 84°C.
MethyIisothiocyanate, (Fluka A.G.) was used as obtained 
commercially.
Reaction Buffer106; N-ethyImorphoIine (Pfaltz and Bauer, 
Flushing, N.Y.) (3.3 ml), glacial acetic acid (0.5 ml) and water 
(46.7 ml) were mixed and used immediately.
Procedure131»132
The peptide (0.1 to 0.3 p mole) was dissolved in 500 pi of
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pyridine. Buffer (100 yl), water (100 yl) and methyIisothiocyanate 
(5 mg) were added. The tube was flushed with N2, stoppered and left 
at 40°C for one hour. The solution was then extracted with benzene 
(3 x 2.5 ml), and the aqueous phase dried with a stream of N2. The 
residue was washed with ethylacetate (3 x 0.5 ml) and re-evaporated 
to dryness. TrifIuoroacetic acid (0.4 ml) was added, and the 
reaction allowed to proceed at 40°C for fifteen minutes. The 
excess trifIuoroacetic acid was evaporated with N2 and the 
methyIthiocarbamyI amino acid was extracted with ethylene chloride (3 ml). 
The peptide residue was washed with 0.5 ml of ethylene chloride, and 
the precipitate dried with a stream of N2. This peptide was now 
sufficiently pure for further degradation. The ethylene chloride 
phase was brought to dryness with N2 and the residue was suspended in 
0.3 ml of IN. HCL. The tube was heated to 80°C for ten minutes, after 
which time the reaction mixture was cooled, and then extracted with 
ethylacetate (3 x 0.5 ml). The ethylacetate fractions were combined 
and dried with N2, redissolved in ethylacetate (10 yl), and then 
transferred to a glass capillary tube and evaporated to dryness under 
reduced pressure. C.i. (isobutane) mass spectra of these 
methyIthiohydantoin derivatives were recorded at pressures of 
between 0.8 to 1.00 Torr using the Dupont 491 B mass spectrometer.
Edman degradations were performed on all peptides sequenced using 
DAP-I (c.f. below).
Removal of e-MethyIthiocarbamyI Group of C-Terminal Lys
The peptide (0.1 y mole) was dissolved In aqueous hydrazine 
(2ml, 50/6) and refluxed for one hour. The excess reagent was
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removed under reduced pressure and the residue was re-evaporated 
with three (Imi) water washes. The deblocked peptide was further 
dried with a stream of N2.
Digestion of Peptides with DAP-I 
Reagents
Dipeptidylaminopeptidase I was obtained as a 500 unit vial 
from Schwarz/Mann (Orangeburg, N.Y.) with a specific activity 
of 18.1 units/mg of protein. (Unit Definition: I unit equals 
the amount of enzyme which catalyses the formation of I p mole 
of B-naphthylamine per minute at 37° at pH 6 from Gly-(L)-Phe- 
3-naphthylamine). The freeze-dried enzyme was reconstituted 
in I? NaCI-0.5mM EDTA (20 ml) to provide a working solution of 
25 units per ml. This solution was stored at 0°C on ice.
Procedure
The peptide (0.1 p mole) was dissolved in pyridine (4?)
(40 pi) and diluted with water (80 pi). Acetic acid (0.5?)
(40 pi), HCI (0.IM) (32 pi), EDTA (0.IM) (I pi) and mercaptoethanol 
(0.375M) (8 pi) were added with mixing. The pH of this solution 
was checked and if not pH 5.0, was adjusted with 4? pyridine or 
0.5? acetic acid. The solution was preincubated at 37° for five 
minutes, and hydrolysis of the peptide was initiated by adding 
40 pi , (I unit) of enzyme to the reaction mixture. The reaction 
mixture was flushed with N2, sealed with waxed film and gently 
shaken for four hours at 37°C. The reaction was terminated after
this period by centrifugation through an Amlcon CF50A centriflo 
membrane (Scientific and Research Equipment Co. Pty. Ltd., Pennant 
Hills) for ten minutes at 1,000 r.p.m.
Removal of Buffer Salts from a DAP-I Digest 
Reagents
Dowex 50W x 8 [(H+ form) (200-400 mesh)] resin (lOOg) (Biorad 
Richmond, Cal.) was washed with HCL (IN) 500 ml, distilled water 
until neutral, ammonia (2N) 500 ml, distilled water until neutral, 
and the process repeated, with the resin being washed, finally, 
with HCL (IN) 500 ml and then with distilled water until neutral. 
The resin was dried by vacuum filtration and stored in a semi 
moist state.
Procedure
The filtrate from the DAP-I digest was acidified with HCL 
(IN) to pH 2 (17 yl) and applied at the rate of 0.2 ml /minute 
to a Dowex 50W x 8 (H)+, ion exchange column (400 mg resin bed). 
The resin was washed with distilled water until neutral (4 ml) 
at ImI/minute and the peptide mixture eluted with ammonia 
(2N) (5ml). The elute was evaporated to a small volume (0.5 ml) 
under reduced pressure and transferred to a reactor vial, where 
it was evaporated to dryness with N2* The dipeptide mixture was 
now suitable for derivatisation.
Pi peptide Recovery from Dowex 50W x 8 Ion Exchange Resin
The peptide Lys-Val (0.5 y mole) was dissolved in the DAP-I 
digest buffer, acidified to pH 2 with HCI (IN) and the solution 
ion exchanged (c.f. foregoing procedure). To the peptide
132.
recovered from the ion exchange resin was added aminooctanoic 
acid 0.5 y mole (Internal standard). A calibration curve was also 
prepared using 0.25, 0.50, 0.75 and 1.00 y moles of the peptide 
together with 0.50 y mole of an internal standard aminooctanolc 
acid in each vial. All vials were evaporated to dryness with 
nitrogen and the residue was dissolved in thionyl chloride­
methanol reagent (ImI). The solution was refluxed for thirty 
minutes, evaporated to dryness with N2, and the residue re-dissolved 
in methanol (50 yl), triethylamine (2 yl), plvaldehyde (10 yl) 
and a stick of molecular sieve was added. The reaction was allowed 
to stand for thirty minutes at room temperature, and submitted 
immediately to gas chromatography. Gas chromatography was 
performed on a Packard model 419 gas chromatograph, fitted with 
a stainless steel column packed with 5? silicone 0V-I7 on DMCS- 
treated chromosorb W (100 mesh), with helium as the carrier gas 
at a flow rate of 20 ml /minute. The chromatograph oven was 
programmed at 6°C/minute beginning at I40°C. The recovery from 
the ion exchange resin as calculated from a standard curve was 
8 5% for Lys-Va I. In a similar fashion, the recovery from ion 
exchange of Glu-Ala (81/0, Glu-Glu ( 1 5 % ) ,  Ala-Ala (99^) and 
Val-Val ( 9 5 % )  was determined by gas chromatography.
D e r i vatisation of Dipeptide Mixtures from DAP-I Hydrolysates 
Reagents
Preparation of DimethyItrideuteromethyI phenyl ammonium Hydroxide (DTMPAH) 
Dimethylani I ine (Uni lab, Ajax Chemical Sydney) (10ml) and
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trideuteromethy! iodide (Fluka A.G. Buchs S.G.) (5 ml) were 
dissolved in ethylacetate (20 ml) and the resulting solution was 
kept at 0°C overnight. The insoluble dimethyItrideuteromethyIphenyI- 
ammonium iodide was filtered and recrystaI Iised from ethanol/ 
ethylacetate. Yield (71%). The iodide (2.63g) was redissolved 
in ethanol (20ml) and silver oxide (2g) was added. After two 
hours stirring at room temperature, the solution was filtered 
and the concentration of the reagent was adjusted to 0.1 mm/ml, 
after standardisation with sulphuric acid (0.IN) to a 
phenoIphthaIein end point. The reagent was stored over 
molecular sieves (Type 3A) at 0°C.
Procedure
The dry dipeptide mixture (0.1 y mole) was dissolved in an 
ethanolic solution of DTMPAH (0.IN) (5-10 yI) until just dissolved 
(pH 9). Dry ethanol (20 yl), ethylacetate (5 yl) and a stick of 
molecular sieve (Type 3A) were then added. The reaction mixture 
was heated at 70°C ?n a screw cap reactor vial for thirty minutes.
The molecular sieve was partly removed, washed with ethanol (10 yl) 
and removed. The solution was transferred to a glass capillary and 
the solvent evaporated under vacuum. The capillary was then admitted 
to the mass spectrometer, Dupont 2 1-49IB, using a heatable direct 
insertion probe.
Pyrolytic esterification was induced by heating the probe 
to I00°C and maintaining this temperature for 3-5 minutes. The 
biproduct dimethyItrideuteromethyIaniIine was evolved as observed
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by the presence of ions at m/e 120-125. The probe temperature was 
then slowly increased and c.i. (helium) mass spectra were recorded 
at 20°C intervals in the region 240-630 amu.
The following peptides and peptide amides were hydrolysed 
with DAP-I, the buffer salts removed by ion exchange, and the 
dipeptide mixtures identified as their ethoxycarbonyIpropenyI 
dipeptide methyl esters. All ions shown are for the most 
abundant isotope and are listed as: m/e (intensity), identity; 
Ala-Ala-Ala-Ala (0.1 p mole): m/e 287 (80), Ala-Ala (MH)+;
241 (2), Ala-Ala (MH)+ - C H  OH; 156 (100) Ala (A )?
2 5 1
Met-Phe-Gly (0.1 y mole): m/e 423 (100), Met-Phe (MH)+;
216 (60) Met (A1>+; 202 (80) Gly (MH)+; 142 (30) Gly (A )+.
Phe-Gly-Gly-Phe (0.1 y mole): m/e 349 (100), Phe-Gly (MH)+;
Gly-Phe (MH)+; 232 (60), Phe (A )+;
Des(Phe), Phe-Gly-Gly-Phe (0.1 y mole): m/e 259 (100), Gly-Gly (MH)+;
213 (6 ), Gly-Gly (MH)+ - (C H OH); 292 (80), Phe (MH)+;
232 (60), Phe (A )+; 142 (40), Gly (A )+.
Val-Leu-Ser (0.1 y mole): m/e 357 (80), Val-Leu (MH)+; 311 (8),
Va1-Leu (MH)+ - C H OH; 232 (60), Ser (MH)+; 184 (100), Val (A1)+ :
172 (50), Ser (A )+; 154 (II), Ser (A1>+ - H20; 213 (10), Ser (MH)+
- h2o .
Gly-Leu-Tyr (0.1 y mole): m/e 315 (100), Gly-Leu (MH)+; 322 (60), Tyr (MH)+
262 (15), Tyr (A1)+; 142 (70), Gly (Aj)+.
P h e - P h e - G Iy-Leu-Met.NH2 (0.2 y mole): m/e 439 (100), Phe-Phe (MH)+;
315 (24), Gly-Leu (MH)+; 260 (36), Met.NH2 (36); 232 (32), Phe (Aj)+;
216 (17), Met (Aj) + ; 186 (20), Phe (Aj)+ - C ^ O H ;  142 (18), Gly (A )+ .
Des(Phe), Phe-Phe-Gly-Leu-Met.NI^ (0.2 y mole): m/e 349 (90),
Phe-Gly (MH)+; 389 (80), Leu-Met (MH)+; 232 (100), Phe (A.)+;
198 (100), Leu (A1)+.
Gly-Leu-Met.NH2 (0.1 y mole): m/e 315 (100), Gly-Leu (MH)+;
279 (18), (MH)+ - C H OH; 261 (70), Met.NH (MH)+; 216 (90),
Met (A1)+; 142 (80), Gly (A )+.
Leu-Met. NH2 (0.1 y mole): m/e 389 (80), Leu-Met (MH)+; 374 (30), 
Leu-Met.NH2 (MH) ; 357 (8), Leu-Met.NH2 (NH) + - NH ; 198 (100),
Leu (Ai)+.
Val-Phe.NH (0.1 y mole): m/e 391 (100), Val-Phe (MH)+; 345 (3)
Val-Phe (MH)+ - C H OH; 184 (40), Val (A,)+.
2 5 1
Trp-Met-Asp-Phe.NH2 (0.1 y mole): m/e 476 (60), Trp (NCHj) - Met (MH)+; 
462 (45), Trp-Met (MH)+; 421 (100), Asp-Phe (MH)+; 399 (8),
Asp-Phe (MH)+ - CH3OH; 285 (8), Trp (NCH3) (A1)+; 271 (6 ), Trp (Aj)
214 (II), Asp (Aj)+, 182 (15), Asp (Aj)+ - CH3OH.
Des(Trp), Trp-Met-Asp-Phe.NH2 (0.2 y mole): m/e 405 (42), Met-Asp (MH)+
292 (86), Phe (MH)+; 277 (30), Phe.NH2 (MH)+; 232 (100), Phe (A1)+ ;
216 (80), Met (Aj)"̂ ; 186 (30), Phe (Aj)+ - C2H5OH.
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